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A STUDY OF ROAD TARS 
BY THE DIVISION OF TESTS, BUREAU OF PUBLIC ROADS 

Reported by R. H. LEWIS, Associate Chemist, and J. Y. WELBORN, Junior Highway Engineer 

ie Federal specifications used by the various 
agencies of the Federal Government include a num- 

ber of standard specifications for tar products used in 
road construction. ‘The road tar specifications that are 
in current use are summarized in table 1. This table 
lists the specification designation, the requirements for 
the physical and chemical properties of materials meet- 
ing particular grades, and the kinds of tars to be used 
in the preparation of the finished products. 

While there may be considerable variation in test 
limits, the tests required by the Federal specifications 
are typical of those usually included in tar specifications 
throughout the United States. Some English and 
other European specifications limit the amount of am- 
monia, tar acids, naphthalene, and anthracene in their 
road tars, but American specifications generally do not. 

The characteristics of the various grades of tars are 
dependent on the physical and chemical properties of 
the base tars used in their preparation. As shown in 
table 1, the materials that are generally specified for 
production of road tars are coal tars, either gas-house 
or coke-oven, and water-gas tars. The standard defini- 
tions of these products, A. S. T. M. designation D 8-33 
are as follows: 

Gas-house coal tar: Coal tar produced in gas-house 
retorts in the manufacture of illuminating gas from 
bituminous coal. 

Coke-oven tar: Coal tar produced in byproduct coke 
ovens in the manufacture of coke from bituminous coal. 

Water-gas tars: Tars produced by cracking oil vapors 
at high temperatures in the manufacture of carbureted 
water gas. 

The properties of these tars can be greatly altered not 
only by the character of the oil or coal used but also by 
the methods and temperatures involved in the various 
processes used in their production. For instance, for 
many years carbureted water gas was manufactured 

using gas oil, a fraction of petroleum distillate coming 
off immediately after the kerosene fraction. In recent 
years fuel oil, which is either a heavier distillate or a 
mixture of distillate with a base petroleum, has also 
been utilized for carburetion. The tars resulting from 
the use of the two types of oil have widely different 
properties. 

J. Edwards has stated ! that while the usual labora- 
tory tests are of value, future control must not be 
limited to laboratory tests only. He intimated that 
the amount and kind of base tar and the kind and 
quantity of blending oils should also be specified, since 
these are vital factors that determine the suitability of 
the tar for a particular use. Some States have already 
adopted such specifications. The following 1934 speci- 
fication of a State highway department for a coal-tar 
cutback is of this type and not only sets specification 
limits for the finished product but also specifies the test 
characteristics of the base and flux used in producing 
the material. 

STATE SPECIFICATION FOR COAL-TAR CUTBACK DISCUSSED 

This specification covers coal-tar cutback for treat- 
ment of earth roads as follows: This material shall 
contain not less than 40 nor more than 90 percent by 
volume of refined coal-tar base, fluxed with a tar 
material (liquid at 60° F.), which shall make a homo- 
geneous mixture. The flux shall be a water-gas tar or 
either distillates of water-gas tar or coal tar or a com- 
bination of water-gas tar and the above distillates. 
The flux, base, and mixture shall conform to the 
requirements shown in table 2, in which the specific 
viscosity of the mixture will be subject to variation 
within the limits designated, as may be directed. 

1 Prepared Tars and Their Application to Road Construction. Roads and Road 
Construction, vol, XIII, no. 147. March 1935. 

TaBLE 1.—Swmmary of Federal specifications for tar products used in road construction 

Consistency Total distillate (by weight)— 

x Soften- 

; ; , : Specific hh ing 
Federal specification peice speci Float test gravity at st aa Water Produced from 

designation Vi 25°/25° C. Golut (*) To 170°}To 235°}To 270°|To 300° distilla- 

Sa) Ge C. C. tion 

At 40° | At 50° | At32°| At 50° govdue 
Cc. Cc. (OH 2}, 

Seconds| Seconds HOY Percent| Percent| Percent| Percent} ° C. |Percent 
0 Vf ee _— - 60— - 

Liam Pe Se 30— 40— 60— 2—|| Gas-house, coke-oven, water-gas and/or 
b= |baeee cee 30— 40— 60— 2— similar tars.! 
Beg ae 30— 40— 60— 2— 
§= |S ea 25—| 235—| 35-60 2— [Sear coke-oven, and/or water-gas 
G—|Seseesen 25— 235—| 35-60 2— Seeds) 4 : dl 

2-8 8-20 16-28 ah 65— j= enne gas-nouse, coke-oven and/or 

a ie s __|4 Water-gas tars fluxed with suitable 
2-8 8-20 | 16-28 36 65 2 distillates. 

1 ee 15— %— 65— Gas-house, coke-oven, water-gas,and/or 
similar tars.‘ 

10— 20— 65— 0 | Refined water-gas tar.4 
10— 20— 65— 0 | Gas-house and/or coke-oven tar.‘ 
10-— 20— 65— 0 | Refined water-gas tar.! 
10— 20— 65— 0 | Gas-house and/or coke-oven tar.‘ 
10— 20— 65— 0 Refined water-gas tar.! 
10— 20— 65— 0 | Gas-house and/or coke-oven tar.‘ 

1 The material shall be homogeneous. 
? Specific gravity of total distillate 38°/38° C. minimum (water free), 0.96. 
$’ The Federal specifications designate this material as refined hot-application tar. 
4 The material shall be homogeneous and free from water. 

75183—36—1 

For convenience, the designation TH-1 is used in this report. 

89 



90 POUBIY Car OAD. 

TABLE 2.—Requirements for flux, base, and mixture of a coal-tar 
cutback 

Flux Base Mixture 

Mini- | Maxi- | Mini- | Maxi- | Mini- | Maxi- 
mum | mum | mum | mum | mum | mum 

Water, percent: by: welght. 222. | oe Be ee eal eee | ee ee ee 2.0 
Specific gravity at 25°/25° C____ 1.00 1. 12 1.14 1. 22 abl 1.16 
Specific viscosity, Engler: 

50 cubic centimeters at 50° C_|__....__]._-__-_- 6.0 ONO | 2aeeenn a eee 
50 cubie centimeters at 40° C_ nleRl SoG ge| hich ees | See tee 5.0 8.0 

Soluble in carbon disulphide, 
percent by weight__-----.-_-- $5) Glee 88 97 89 98 

Distillation (A. S. T. M.): 
0-170° C., per cent by weight_|________ ‘ee tater = AS5r | coe eee Uh 
0-300° Om per cent by weight_| 25 Sas see BS ua Pate oo ee 45 

Specific gravity at 38°/38° C. of 
total distillate (water free) to 
B00° Gi oe ee TE ae ee | eee LOU esate ONG yoo eee 

Softening point of distillation 
residue, ° C. (ring and ball 
method) 220 ee eee ae eee ee ae mee 65 35 60 

Where the consumer has adqeuate facilities for plant 
inspection, a specification of this type may be advan- 
tageous. However, with the usual laboratory control, 
test requirements on the finished products will usually 
prove satisfactory. As shown in table 1, the Federal 
specifications give the tar refiners considerable leeway 
in the manufacture of the various grades of road tar 
from their available sources of crude tar. With the 
exception of the TP grades 1, 3, and 5, that require 
the materials to be refined water-gas tar, and the TP 
erades 2, 4, and 6, that require the materials to be 
refined from suitable gas-house and/or coke-oven tars, 
all other grades allow the producer to use a tar from a 
single source or to blend such materials as any of the 
above with or without suitable distillates as may be 
necessary to meet the specification. 

The Federal specifications, as well as specifications of 
the special type already described, control the quality 
and grade of tar products suitable for various types of 
road construction by consistency tests, such as the vis- 
cosity and float tests, by determination of free carbon,? 
and by an accelerated laboratory evaporation test. 
The evaporation test in general use for all tar products 
is the distillation test, which not only gives the amount 
of total volatile matter present in the tar but also indi- 
cates the probable rate at which these volatile con- 
stituents may be lost under service conditions. A 
softening point determination on the residue from dis- 
tillation has been considered as a measure of consistency 
of the material that would be present as active binder 
when the volatile matter has evaporated from the road 
surface. 

In order to determine how present-day tars conform 
to the Federal specifications, 35 tar products were 
obtained from 5 of the leading tar refiners. The lab- 
oratory study of these materials is the subject of this 
report. 

TYPICAL GRADES OF ROAD TAR FROM MAJOR PRODUCERS 

STUDIED 

In table 3 the samples of these road tars are grouped 
according to their conformity to Federal specification 
grades, and the composition of the materials as reported 
by the producers is shown. The intended use of the 
Federal specification grades, as well as the use recom- 
mended by the producers, are also given. Samples 22, 
23, and 31, submitted by producer C and designated 
as “special”, did not meet any particular specification. 

2 Free carbon in tars is defined by the American Society for Testing Materials 
designation D 8-33 as organic matter that is insoluble in carbon disulphide. The 
term will be so used in this report. 

TaBLE 3.—Comparison of road tars with standard Federal specifications 

Standard Federal specification Information furnished by producer 

Bureau 
labora- | 1den- 
tory ee Pro- 
no. Grade Intended use ne Produced from— Intended use 

ay 

37996 Uh B Water-pas tar csc se sae ees Prime 
39003 14 |\no_y_o5 Prime C Bunker C tar-++water-gas tar ---_-- Do. 
39009 20 BE ee ee ee ris eee tar er ee ae coe ene ae eae mre C Coal tar-++water-gas tar_._._..-_--- Do. 
39016 24 D rt UR hele Se tar and/or dis- Do. 

tillate. 
37990 1 A Coal tar-+-water-gas tar !___-_.---- Do. 

Hae a DOR 25 - ans aaeon=- Surface treatment_...........----- : Coal tar-twatergas tats Fe es surface Wealnenn, 
39028 33 iD) A(R 0:2 see ee ees Light surface treatment and prime. 
39005 16 \r0-3-25 ae { C Pane C tar-+-water-gas tar__-_-__ Heavy surface treatment and honing. 
39017 25 SES ae CEE Teak Cla ea ne Serie aaa D Coster erate gas tar and/or dis- | Cold surface treatment. 

tillate. 
37992 3 he A Coal tar-+water-gas tar 1__.__..-_- Do. 
39006 17 \ro 4-25.-.-----------|----- do...-------------------------- { C Bunker C tar--water-gas tar. --_-- Mulch honing. 
37997 8 a: B he UO ec casera eee Cold surface treatment. Reclamation work. 
38000 ll TM-1 Wecse Pay rene surfaces, et Be | 0S = eee eee Retread or mixed-in-place. 
39007 1b aie Sao ere ileal graded aggregate. C Banker C tar-++-water-gas tar__.__- Mulch honing. 
39030 35 E Coal tar--water-gas ara eee ee Retread or mixed-in-place. 
37994 5 Ae | eee 6.1.2 33 Se ee eee Retread construction, 
39008 1,0)¢| > DIME=2 aun a eee oe C0228 ee ee eae Cc eres C tar-++-water-gas tar__-__-_- Mixed-in-place with broken stone. 
39018 26 D oe tar-++water-gas tar and/or dis- | Mixed-in-place and drag surface treatment. 

tillate. 
37998 Oo Rel-ohe sees eee Repair work (used cold)_-.-.--_--- B Water-gas taro2s 22 eee ee eee Patching (used cold). 
37995 6 . A Coal tar+distillate 1__-.....-.-___- Repair work. 
37999 107] PR oat een eee Repair work (usually warmed) ---_- B Water-cas tar. Sees ee ees Repair work (used warm). 
39019 27 D Coal tar-+distillate_..........._-_- Repair work (used cold). 
Hah ie = ies tar ts Se RaSh Se ees ee Hot pacts treatment. A 
‘ TH : ater-gas tarssceaco oes soe ee Hot surface treatment and seal coat. 
39027 32 |(TH-1----------------- Hot surface treatment....-.-..-.-- Ez Coal tar--water-gas tar ?___-_-___- Hot surface treatment; wearing coat or seal. 
39020 28 D Coal tar 2 ee eee Hot surface treatment; second application for 

mixed-in-place. 
39002 te Yal fy bel de te ea ee Bituminous macadam__-_.....----. B W ater-gas tars -2 2-2-2 -soss-seeeees Penetration macadam. 
39021 O05 OP =205 oe aie € |e GOz 2332 Se ae eee D Coalterzce 7 eee eae Hot repair and crack filler. 
ay roe is P4256 arene eee |e Osta. eee Pee, eee o oes Hie Pt ae eae eee ee Penetration macadam. 
39022 C Mp_p_or DR) | Pears OLS bee ee a eee Do. 
39029 34 \ rP x 25. ---~---------|----- do.....---------------+---+---- { E Coal tar+-water-gas tar 2?_________- Do. 
39011 22.1 Special = aks eres ce i Pee eee Tee. oe eee ) Coal tare eee ee eee ee 
39012 Pokleened (s (Soca, ey SER NS pe aarp hah SE ee ME ye a ot Me C ‘Phin water-Cas tate ese ae eee Flux for samples 14, 15, 16, 17, 18, and 19. 
39026 31 SAO Ss oe Se 2 | ee ie ne SE ee eee Cc Bunkeri Csr eee Base for samples 14, 15, 16, 17, 18,and 19. 

! No information furnished. Classification based on test results. 
1 Classification based partly on information furnished by producer and partly on test results. 
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One or more of the other samples represented each of 
the specification grades shown in table 1, except grades 
TP-3 and TP-5. These grades are for "refined water- 
gas tars that have the same range in consistency as the 
coal tar grades TP—4 and TP-6, respectively. 
The laboratory study of these road tars included tests 

to determine their conformity with the particular Fed- 
eral specifications, and other tests which, although not 
usually made on road tars, might develop information 
of value relative to their physical and chemical charac- 
teristics. In order to determine how these materials 
lose their volatile matter under accelerated weather- 
ing conditions and to determine the character of the 
resulting residues, all of the tars were exposed in thin 
films to the action of air, light, and solar heat. The 
residues from exposure and the distillation residues were 
subjected to the same laboratory tests so that the phys- 
ical and chemical characteristics of the residues obtained 
by both methods might be compared. 

In order to determine the binding values of the orig- 
inal materials and of their distillation residues, Hub- 
bard-Field stability cylinders were made with these 
materials combined with a standard sand and the sta- 
bility of these cylinders was determined. Cylinders 
containing the original tars and exposed under the 
same conditions as the thin films were tested for sta- 
bility to determine the development of binding value 
under accelerated weathering. 

The laboratory tests made on the 35 tar products to 
show their conformity to the various Federal specifica- 
tion grades were as follows: 

Specific gravity at 25°/25° C 
Specific viscosity, Engler, at 40° C. and 50° C. 
Float test at 32° C. and 50° C. 
Solubility in carbon disulphide. 
Distillation test, A. S. T. M. D 20-30. 
Softening point of distillation residue. 

The laboratory tests made to obtain data of special 
interest were: 

Specific viscosity, Engler, at 60° C. 
Saybolt-Furol viscosity at 25°, 40°, 50°, and 60° C. 
Specific gravity at 38°/38° C. ‘of total distillate. 
A. 8. T. M. method D 402-34 T of pouring distillation residue. 
Softening point of residue obtained under above method. 
Duetility at 10°, 15°, 20°, and 25° C. on residues from 

A. 8S. T. M. D 20-30 distillation. 

The A.S.T.M. and A. A.S.H.O. designations of 
methods of making these tests are given in table 4. 

TABLE 4.— Tests methods used in studying road tars 

Method of test 

Test 
TAC Seley PACE Ares 5 Elia Oe 
designation} designation 

SURES RAs abl Sad eR Re oe Sec a oe a pe ae D 70-27._.| T-43. 
BEMEGENISCOSIL een Tig loleeee es era oe LP aL ee es T-54. 
awit HUrOlVISCOSItY 222-22 oss 2c <nncateconncee D 88-33. —72. 
Wau S) TREE... jot oe i TRS A Ei ee eee D 139-27 T-50. 
LR LeSTS EYE) ca oo Sia TS Se ae ee eee eee D 5-25____| T-49. 
Denice Dota rine And palo suse ss. ees bac ool. 36-26 T-53 
CSCS shad GS eee Ae 2 i Dd 3 26 eee eee 
Solubility TRO gee ae ee ee ne 4-27 _.._. T-44 

othe a ee ee eee . 95-30_..| T-55. 
Distt pe 8 oie ee ere ae D 20-31 T-52 

TARS STUDIED WERE IN GENERAL CONFORMANCE WITH FEDERAL 

SPECIFICATIONS 

The results of laboratory tests made to determine 
conformity with Federal specifications are given in 
table 5 and show that only four of the road tars failed 
to meet all of the requirements of the specifications for 
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the appropriate grades of material. The softening 
point of the distillation residue of sample 17 was 0.4° C. 
over the maximum limit for TC-4 material. The 
amount of distillate of sample 27 up to 170° C. was 
0.51 percent under the minimum limit for TR-2 
material. The float of sample 28 was 215 seconds, 
or 65 seconds greater than the specification require- 
ment for TH-1 material. Sample 13 failed to meet 
the specification for TP-1 material which requires the 
solubility in carbon disulphide to be greater than 95 
percent. The three specifications for TP materials 
produced from water-gas tars require high solubility in 
carbon disulphide. 

Samples 22, 23, and 31 did not meet any particular 
specification. The tests on sample 22, a heavy, de- 
hydrated coal tar, indicated that it had too high a free 
carbon content to be satisfactorily processed, without 
fluxing, to meet any of the Federal specifications. 
Sample 23 was a very thin, water-gas tar, too fluid for 
direct use in road construction. Sample 31, while 
meeting the specification for TH—-1 material except that 
its residue from distillation had too high a softening 
point, was submitted with sample 23 as the base and 
flux, respectively, which producer C used in the road 
tars represented by samples 14 to 19 inclusive. Using 
the specific gravities of samples 23 and 31 and assuming 
no change in volume when mixing these two products, 
samples 14, 15, 16, 17, 18, and 19 contained approxi- 
mately, by. weight, 30, 35, 40, 45, 50, and 55 percent, 
respectively, of sample 31 as the base in the blended 
tars. Although the percentage composition of the 
other blended tars could not be definitely established, 
the more fluid materials having the lowest densities 
were perhaps chiefly water-gas tars. The blends of 
water-gas tars, bunker C water-gas tar, and the blends 
of coal tar and water-gas tars had high densities. 

The percentage of free carbon has been limited to a 
great extent by specifications, there being still a con- 
siderable difference of opinion as to whether a high or 
a low free-carbon tar is more suitable for a arhonae 
purpose. For the heavier grades of tar, such as refined 
tars of the TP grades, the Federal specifications provide 
for a coal tar of high free-carbon content and a water- 
gas tar of low free-carbon content. For the other 
grades, the minimum amount of free carbon permissible 
is not limited. A study of the solubility of these tars 
submitted by the various producers indicates that in 
general the percentage of insoluble material is well 
under the maximum allowable by the Federal specifi- 
cations. 

Comparing the materials meeting the various speci- 
fication grades as a group, it will be seen that the TC 
materials were most soluble in carbon disulphide and 
the TR and TP materials the least soluble. The TM 
materials had a solubility close to the TC tars, and the 
solubility of the TH products was slightly more than 
that of the TR and TP samples. The average solu- 
bilities for the various grades were as follows: Oe 
93.56 percent; TM, 92.21 percent; TR, 88.01 percent; 
TH, 89.58 percent; and TP, excluding sample 13, 
88.02 percent. All of the materials, except sample 13, 
had solubilities in carbon disulphide well within the 
specification limits for their particular grades. 

MOST FLUID TARS HAD GREATEST LOSS ON DISTILLATION 

The distillation test has been generally used in the 
testing of tars to determine the amount of volatile 
matter and to determine the probable rate of volatili- 
zation of the constituents having low boiling points. 
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TABLE 5.—Results of laboratory tests on road tars, showing conformity with Federal specifications 

Engler specific Te Carbon disulphide pay , 
viscosity— AO i solubility } Distillation (by weight)! Specific 

gravity| Soften- 
Identi- | Specific : of dis- ing 

Type of material fica- gravity at Inor- | Water Total distillate yk pen 
tion 25 [25 Ci he ganic rhs a ol resi- 

4o°'0 | 50°'0 | 20 | 50°C | men | carbon | matter Resi- | 38°/38°| due 
insol- To To To To 
uble 170° C | 235° C | 270° C | 300° C 

Percent | Percent | Percent | Percent | Percent | Percent 2. 
(?) 1. 090+- 2— eee 32— 4 |e ea are 60 — 

if 1, 108 1.3 2. 00 14.67 | 25.79 | 35,15 64.10 | 0.971 45.0 
YT O-Ves oe cteee eues = 14 1.135 1.4 1.16 12, 67 | 26.56 | 37.42 61.96 | .975 54.8 

20 1. 138 .6 . 89 11.68 | 22,27 | 31.76 67.94 | 1.002 47.4 
24 1, 150 0 . 29 12.70 | 25.22 | 34.02 65. 65 | 1.013 45. 2 

(2) 1. 090+ 2— §—|sesecsee 30— 40 —) 2 Ses | eee 60— 
1 1. 1382 8 42 7.46 | 21.25 | 32.86 66. 81 . 992 44.6 

TINO) 50 92 eee eee 15 1, 123 1.3 1. 04 11.36 | 25.50 | 35.78 63.66 | .978 55.6 
21 1. 151 ath 1, 00 10.55 | 20.88 | 28.91 70.75 | 1.016 50. 8 
33 1. 138 .3 sale 6.85 | 18.63 | 29.54 70.08 | 1.009 37.0 

(2) 1, 100+ 2— b= | 30— AQ=-|=_ Sees. | eee 60— 
BOS: ee ee ee 16 1. 127 1.4 99 9.38 | 23.54 | 34,50 64.50 | .980 57.1 

25 1, 162 0 . 25 10.98 | 22.94 | 31.34 68. 11 | 1.017 46. 6 
(2) 1. 10-1. 18 2— Ri as 30— 40s ees a ee ee 60— 

HIRO Re eee 3, ae 3 1, 150 ih . 84 7.11 | 19.59 } 28.25 70.90 | .999 45.0 
17 1, 185 1.0 . 83 8.92 | 22.68 | 34. 21 65.22 | .982 60. 4 

(?) 1, 10-1. 22 2— G=|2s25-22 25— 30 —|Poaaee .96-++] 35-60 
1, 129 0 V7 6.99 | 17.62 | 25.98 73.95 | 1.004 41.0 

TM-1.- <2 See 11 1. 185 0 0 3.76 | 16.45 | 27.13 72.43 | .991 42.0 
18 1. 140 bal . 68 7.34 | 21.03 | 32.15 66.58 | .984 69. 4 
35 1. 159 .5 39 5.30 | 15.92 | 25.39 74. 69 | 1.019 39. 6 

(?) 1, 10-1, 22 2— b= |se0beces 25— 36 =| 2s oe . 96+] 35-60 
TM -2 a) 1. 166 .5 Ou 5.08 | 16.29 | 25.08 74, 27 | 1.007 46. 1 
a oe 19 1. 145 1.3 .74 7.73 | 20.20 | 31.09 68.11 | .986 60. 0 

! 26 1. 189 0 .19 4.02 | 13.96 | 23. 04 76. 60 | 1.030 43. 2 
DR-1 { (2) 1. 09-1. 19 2— 2-8 8-20 | 16-28 365 cane eee 65— 

eae a a 1. 136 0 5. 09 15.69 | 21.56 | 27.30 72.25 | .963 60. 0 
(2) 1, 10-1. 20 2— 2-8 8-20 | 16-28 Bi eres alt 65— 

TR-2 1, 175 .6 2. 34 10.83 ! 17.38 | 25.19 74.10 | .987 53.1 
sie 7 Sat 10 1. 130 0 2,31 12.29 | 18.76 | 24.90 74,48 | .948 55.8 

27 1. 180 0 1,49 12.95 | 18.46 | 25.16 74.55 | .988 55. 4 
(“) 1. 140-+ 0 eee 15— 20 =| cee | Pea 65— 

2 1, 214 0 0 4.16 | 11.65 19. 23 80. 20 | 1.034 51.7 
iN sp ee = 12 1. 166 0 0 1. 36 5. 84 | 15. 16 84.46 | .999 41.6 

32 1, 187 0 0 -55 | 3.42 10. 81 88.88 | 1.044 33. 1 
28 1, 222 0 0 1.33 | 5.69 13. 89 85. 63 | 1.053 47.0 

[P-1 { (?) 1. 15-1. 20 0 | 10— 203 |2 34 oe 65— 
5 ah ree eee 13 1, 174 0 0 1.03 | 4.37 11. 60 88. 21 | 1.002 49. 0 

|)p-2 { (?) 1, 20-1, 26 0 EE ee he 10— 20 =| ate oes || eee 65— 
Pine ae aoe 29 1, 223 0 0 ie ae) 4.47 11. 40 88. 28 | 1.055 49.6 

TP-4 { (?) | 1, 20-1. 26 0 | eee 10—| 87) 201 eects 65— 
ae a er ee 1, 237 0 0 .95 | 4.08 12, 21 86.80 | 1.043 56. 1 

(2) 1, 20-1. 26 0 i |= 10— 20> | aes S| eee 65— 
DUS Pee ea ee 30 1, 219 0 0 -25 | 2.02 8.41 91. 28 | 1.058 51.8 

34 1, 206 0 0 . 20 1,42 5. 72 94.10 | 1.019 44,1 
F 22 1, 233 . 20 . 43 §. 28 | 13.22 | 19.71 80.38 | 1.018 58. 5 

Special e2ses-aa= 23 1. 082 .8 1, 29 18.46 | 35.17 | 47.37 62.15 | .965 39. 1 
31 1, 196 0 pris 5.25 | 9.97 | 18.11 81.10 | .998 73.3 

! Water-free basis. 
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FicuRE 1.—ReELATIONS BETWEEN AMOUNT OF DISTILLATE BY 
WEIGHT AND DISTILLING TEMPERATURE FOR VARIOUS GRADES 
oF Roap Tars. 

3 Federal specification. 

The average distillation curves for the various grades 
of road tars are shown in figure 1. For the different 
materials of the same grade the amount of distillate 
at the temperatures used for fractionating was fairly 
close to the average value shown by the curves, except 
for the TH materials. 

It will be seen from figure 1 that there is a relation 
between the distillation loss at 300° C. and the consist- 
ency of the original material—the TC-1 grade, which 
was the most fluid, had the greatest loss and the TP-6 
gerade, which was the most viscous, had the smallest 
loss. Of the tars for cold application * only the TR-1 
and TR-2 grades had a uniform rate of loss from 170° C. 
to 300° C. and both types of material, used primarily 
for patch work, had distilled off a greater percentage 
of their total distillate at 170° C. than did the other 
cold-application materials. The TC grades had given 
off a relatively small amount of their total distillate 
at 170° C. The curves for TM-1 and TM-2 products 
are similar to the TC curves. 

All of the tars for hot application showed no distillate 
to 170° C. and the rate of loss increased from 235° C. 

3 In the following discussion the TC, TM, and TR grades are referred to as tars 
for poe application or cold tars, and the TH and TP grades as tars for hot application 
or hot tars. 
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to 300° C. for all grades. The curves, as a whole, 
show that the cold-application tars contained a rela- 
tively high percentage of constituents having low 
boiling points, and that in service their ultimate con- 
sistency is reached almost entirely through the loss of 
their volatile matter. For the hot-application tars the 
high boiling point of the contained distillates and the 
smaller percentage of total distillate to 300° C., to- 
gether with the more viscous consistency of the various 
grades, indicate that their binding properties while 
increasing with service are, initially, not dependent 
upon the loss of the more volatile constituents. 

Although the Federal specifications for road tars do 
not contain requirements for the specific gravity of the 
total distillate except for the TM grades, this require- 
ment appears in many State specifications for tar 
products. The determination of specific gravity at 
38°/38° C. was made on the recovered distillate of all 
the tars tested. 

The data obtained are tabulated in table 6 and may 
be of some assistance in identifying the types of mate- 
rials used in the manufacture of road tars. The 
materials classed as water-gas tars, which include the 
mixtures of water-gas tar with bunker C tar, had dis- 
tillates ranging in specific gravity from 0. 948 to 1.004 
with an average of 0.982. The mixtures of coal tar 
and water-gas tar had distillates ranging in specific 
gravity from 0.992 to 1.044 with an average of 1.014. 
The distillates from coal tars and coal tars thinned with 
istillate ranged in specific gravity from 0.987 to 1.058 

with an average of 1.030. 
There is undoubtedly considerable overlapping in 

the range in values of specific gravity of the distillates 
of the tars in each classification. However, as shown 
in table 6, where two or more types of materials met 
a single specification grade, the distillates of the water- 
gas tars had the lowest specific gravity, the distillates 
of the coal tar and water-gas tars, with the exception 
of the TH-1 grade, were next, and the coal-tar distil- 

TABLE 6.—Specific gravities of total distillates from A. S. T. M. 
D 20-30 distillation test 

Type of material 

Coal tar and 
water gas tar Coal tar 

Water-gas tar 

Grade 

Specific Specific Specific 

Identi- | ®2¥t¥| tdenti- | S°8¥!tY) taenti- | BAILY 
fication 38°/38° fication 38°/38° fication 38°/38° 

Cc. C; C. 

Valen 0 a: 1002) | sae ees [pee eee 
TOL. -----------------------+- { 14| .975 ou | Pacois-leee ous sere 

15 . 978 1 O02: eee cc te eaten 
PIS. 2 ot ORE See ead Ds ae [ee 21 12016) eee 2 | See 

ees Foals Bene 33 il ea sae 
ORG. oe ee ee ee 16 980 25 1 Olive | Scenes. || eeeese 
JING 17 982 3 900 ]2eeaeacs | ose 

8 35 T0190) She. Ses 1 Seka. so 
TIMES be, st Se a ll Ee | ey ee at ee a Ae DR Ren Del el ee 

“A OSS eee ces aire = he epee Se 
im 1 . 986 5 O00 (aires eee 

TM~2. .--.-.--------2---+------ ne Bae 26:1 080" aur te Sees 
UTS 5 i a ae i O65. eee anes | aaa | eae Bae |e Ts 

= 0 O48 | Res San Bee 6 0. 987 
TR-2...-----+------ 22-2 2------ ee dt PS ae es areas nee 088 

Bs 2 . 999 32 1. 044 2 1.0 
TH-1__----.-..------.---+------ { Cote We eh, Aare Crh 1, 053 
(ATS oe 13 La Ui ee a eee ree eg errr 
ULE ee sa ee ee el ee Pes eee! Geer eee 29 1. 055 
UN Ea4l shies ieee (ele in) ae ea ee een ees 1. 043 
A Sa Ne ee (Scan aN 34] 1.019} 30] 1.058 
Bpncinla meek Soe RL oe 23 HOGS eon | ee ee | 1. 018 

{hy ao a 31 DOS Pee ee ee en ee oe 5 

INV = oh  ( O82) | eee TUCO ET te ee ee 1. 030 

lates had the highest. While a specification limit for 
the specific oravity of the total distillate is only re- 
quired in the TM grades of the Federal specifications, 
the test is considered of value by the producers and by 
others. When properly correlated with other test data 
it can be used to identify the type of tar. A specific 
gravity test of the distillate can also be used to detect 
the presence of petroleum admixtures. 

The consistency of the distillation residue is usually 
determined by a softening-point test. The softening 
point of the distillation residues ranged from 37.0 to 
60.4, with an average of 49.9 for the cold- application 
materials, and from 33.1 to 56.1, with an average of 
47.1 for the hot-application materials. It will be seen 
from table 5 that, in each grade, the road tars from 
producer E had the softest residues. 

SAYBOLT-FUROL VISCOSIMETER SATISFACTORY FOR DETERMIN- 

ING CONSISTENCIES OF FLUID ROAD TARS 

One of the most important characteristics of road 
tars is the consistency or degree of fluidity. Road tars 
are used as penetrative treatments, as surface treat- 
ments and seals, and as binders in road-mix or pre- 
mix construction. The ease of application, the work- 
ability of the mixes, and the development of stability 
in the road surface are to a great extent dependent 
upon the initial consistency of the tar used. 
Many different tests to measure the consistency of 

road tars have been developed. E. O. Rhodes,‘ 
working with normal byproduct coke-oven tars, showed 
the interrelationship of test values obtained with 
different instruments used to measure consistency. 
Although he did not stress either the accuracy of the 
various tests or the speed or ease of making them, 
he reached the following conclusion: ‘‘The use of the 
Engler specific viscosities at 40° C. and at 50° C., and 
the float tests at 32° C. and 50° C., discarding all other 
consistency measurements, would contribute greatly 
to the simplification and improvement of road-tar 
specifications.” 

The materials meeting the Federal specifications 
and the road-tar specifications of most States generally 
have been controlled by a determination of the Engler 
specific viscosity or the float test as proposed. Although 
the Saybolt-Furol viscosimeter has been adopted by 
the State and Federal testing laboratories for deter- 
mining the consistency of liquid asphaltic road materials, 
the Engler specific viscosity determination has been 
generally retained in road-tar specifications. Since the 
Saybolt-Furol instrument has many advantages over 
the Engler instrument all of the tars used in this investi- 
gation, with the exception of the tars for heavy con- 
struction, were tested by both methods. The* more 
viscous products were subjected to the float test. All 
of the consistency determinations on the original 
materials are given in table 7. 

In order to determine the relation between test 
values as obtained with the two viscosimeters, the 
data in table 7 have been plotted in figures 2 and 3. 

In figure 2 the Saybolt-Furol viscosity in seconds at 
40° C., 50° C., and 60° C. is compared with the Engler 
specific viscosity at the same temperature for each 
particular tar. The points fall quite close to a straight 
line having a slope of 1 to 4, that is, the Saybolt- Furol 
viscosity in seconds at the temperatures used is approx- 
imately 4 times the Engler specific viscosity at the 
same temperature. The viscosity values obtained on 

4 A Discussion of Road Tar Consistency Relationships, Engineering News-Record, 
vol. 111, no. 16, October 19, 1933. 
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FIGURE 2.—COMPARISON OF SAYBOLT-FUROL AND ENGLER 
Sprciric VIScOSsITIES OF Roap Tars. 

TABLE 7.—Consistencies of the original materials 

Engler specific | sa ypbolt-furol viscosity— | Float test— Id viscosity— 
ae en- 

material | tifica- 
tion | at | At | At | At | At | atl ag | At [oat 

40° C.}50° C.]60° C.]25° C./40° C./50° C.}60° C.}32° C.150° C. 

Sec- | Sec- | Sec- | Sec- | Sec- | Sec- 
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some liquid asphaltic materials fall along the same 
line. ‘This indicates that the relation between the two 
viscosity tests made on both types of bituminous 
materials at the same test temperature is quite close. 

Frequently it is desired to convert the viscosity at 
one temperature to the viscosity at another tempera- 
ture. Many temperature-viscosity conversion tables 
and charts for both asphaltic and tar products have 
been published but, as stated by E. O. Rhodes,! they 
‘A Discussion of Road Tar Consistency Relationships. Engineering N - 

Record, vol. 111, no. 16, October 19, 1933. or rele 
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are accurate only when materials from the same source 
and method of manufacture are compared. 

The relations existing between the Saybolt-Furol vis- 
cosities at different temperatures are shown in figure 3. 
Because of the varied sources of material and methods 
of blending no satisfactory average curve could be 
drawn for all materials, although a definite trend is 
indicated. This makes it possible to distinguish to a 
certain degree the source of the various tars. Those 
materials that are known to be water-gas tars are in 
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nearly every case above the location of an average 
curve. Below the average curves are those materials 
known to be, or interpreted from results of tests to be, 
coal tars or blends of coal tars. In other words, based 
on viscosity tests, water-gas tars are somewhat less 
susceptible to temperature change than are the coal 
tars or coal-tar blends. 

TEST PROCEDURE FOR TARS SUBSTANTIALLY DIFFERENT FROM 

THAT FOR ASPHALTIC MATERIALS 

The float test at 32° C. has been generally adopted 
as a measure of consistency for the tars for hot surface 
treatments although the data in table 7 show that the 
use of Saybolt-Furol viscosity at 60° C. might also be 
satisfactory. However, for the heavy construction tars 
of the TP grades, the standard Saybolt-Furol test would 
not be suitable. The specifications of the American 
Society for Testing Materials for materials of this type 
require a softening point determination as a measure 
of consistency with the option of using the float test at 
50° C., while the Federal specifications control con- 
sistency by means of the float test at 50° C. only. As 
indicated by table 7, the use of 50° C. as the tempera- 
ture for the float test is to be preferred to 32° C. because 
of the greatly reduced time involved in making the 
test. 

On the basis of the data developed by this investi- 
gation, it is believed that the float test at 32° C. and 
50° C. is a satisfactory test for the consistency of the 
hot-application tars. Since the Saybolt-Furol viscosi- 
meters with thermostatic control can be operated to 
give close checks on duplicate tests, require less mate- 
rial for test, and greatly shorten the time of testing, 
the adoption of Saybolt-Furol viscosity for cold appli- 
cation road tars, as has been done for liquid asphaltic 
road materials, would be a pronounced advance toward 
the general simplification and standardization of tests 
for this type of bituminous material. 

In connection with this discussion of the measure- 
ment of consistency, mention should be made of a new 
viscosimeter.° This instrument is designed to measure 
the viscosity of all grades of bituminous material at a 
single temperature and the results are expressed in 
terms of the absolute viscosity, the poise. Much pre- 
liminary work must be done before general adoption 
of this new test can be expected, but its possibilities 
are such that it merits serious consideration. It pre- 
sents a possible means of overcoming the present dis- 
advantages of using several methods for measuring 
consistency and several temperatures for each method. 

While there do not appear to be any practical reasons 
why all bituminous materials should not be tested in 
the same manner, for years the test procedure for tars 
has been substantially different from that for asphaltic 
materials. For tars, the amount of volatile matter 
has been determined by the distillation test and the 
materials have not usually been submitted to the vola- 
tilization test (loss on heating at 163° C.) which has 
been extensively used for liquid asphaltic materials. 
The volatilization test has been discarded rather gen- 
erally, especially for the more rapid-hardening, liquid 
asphaltic products, and a distillation test has been 
substituted to determine the amount and rate of loss 
of volatile matter. 

The method of making the distillation test for liquid 
asphaltic materials is described in A.S.T.M. Tenta- 
tive Method of Test for Separation of Liquid Asphaltic 

5 New Viscosimeter for Bitumens Has Extended Range, by E. O. Rhodes, E. W. 
Volkmann, and O. T. Barker. Engineering News-Record, vol. 115, no. 21, Nov. 21, 1935. 
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Products, designation D402-34T, while the distilla- 
tion test for tars is A.S.T.M. Standard Method of 
Test for Distillation of Bituminous Materials Suitable 
for Road Treatment, designation D 20-30. ‘There are 
some essential differences that might lead to the belief 
that the results obtained by the two methods would 
be radically different. 

Both methods use the same flask and thermometer. 
Method D 20-30 requires an air condenser; method 
D 402-34 T requires a water condenser. In the tar 
distillation the top of the bulb of the thermometer is 
at the bottom of the tubulature and the vapor tempera- 
ture controls the distillation cuts and end point. In 
the liquid asphalt distillation the bottom of the bulb 
of the thermometer is 4% inch above the bottom of the 
flask and the distillation fractions and end point are 
controlled by the temperature of residue or the liquid 
temperature. In the distillation of tars a 100-gram 
sample is used, while in the distillation of liquid asphaltic 
materials a 200-cubic centimeter sample is used. 

The percentage of distillate is reported by weight in 
the tar distillation and by volume in the distillation of 
the liquid asphaltic material. The end point for the 
distillation of tar products is 300° C. (572° F.) vapor 
temperature. The end point of the distillation of 
asphaltic materials is 360° C. (680° F.) liquid tempera- 
ture. The tar residue is cooled in the flask below 125° 
C. (257° F.) before pouring for further tests. The 
asphaltic residue is poured as quickly as possible after 
the end point of the distillation is reached. 

In order to make some comparison of the results 
obtained by the two methods, 100-gram samples of one 
tar of each grade were distilled with two thermometers 
in the flask, so that the vapor temperature at the 
tubulature and the liquid temperature inch above 
the bottom of the flask could be determined. The 
relations between the vapor and liquid temperature are 
shown in figure 4. 

METHOD OF POURING DISTILLATION RESIDUES AFFECTS THEIR 
PROPERTIES 

The curves indicate quite clearly that for these tars, 
with one exception, a vapor temperature of 300° C. 
(572° F.) corresponds to a liquid temperature somewhat 
below 360° C. (680° F.). The one exception is the tar 
of the TC grade for which the vapor temperature of 
300° C. corresponds to a liquid temperature siightly in 
excess of 360° C. The rather close agreement between 
a vapor temperature of 300° C. and a liquid tempera- 
ture of 360° C. indicates that for these tar products 
there can be no great difference either in the amount 
of distillate or character of the residue, due solely to 
the difference between a vapor end point of 300° C. 
and a liquid end point of 360° C. 

However, figure 4 does indicate that if arbitrary 
intermediate cutting points are taken, based on liquid 
temperature control, the fractions of distillate may be 
composed of constituents having widely different boil- 
ing points. For instance, if a liquid temperature cut 
is made at 225° C. (437° F.), the fraction below this 
temperature will contain material with a maximum 
boiling point in the case of the TC product of 125° C. 
(257° F.) and in the case of the TR product of 180° C. 
(356° F.), a spread of 55° C. Also, if a vapor tempera- 
ture cut is made at 150° C., the spread between the 
TR and TP materials is 40° C. Therefore, it would 
seem that vapor temperature distillation control would 
be slightly the more preferable if it is desired to deter- 
mine the character of the fractions obtained at various 
cutting temperatures, especially when comparison of 
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the distillates from materials of widely different 
composition is desired. 

Similar tests on a few samples of liquid asphaltic 
materials of the slow-curing, medium-curing, and 
rapid-curing types gave similar results. The curves 
showing the relation between liquid and vapor tem- 
peratures were of different shape for the different 
types of materials and also for different materials of 
the same type. There was also the same general agree- 
ment between a vapor temperature of 300° C. and a 
liquid temperature of 360° C., the vapor temperature 
of 300° C. corresponding to a liquid temperature of 
360° C. or less. 

Having established that there is no wide difference 
between a vapor end point of 300° C. (572° F.) and a 
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liquid end point of 360° C. (680° F.), the effect on the 
character of the residue obtained by pouring as required 
by A.S.T.M. method D 20-30 and by A.S. T. M. 
method D 402-34 'T was determined. The results of 
tests made on residues poured after they had cooled 
below 125° C. (257° F.) and when the residues were 
poured immediately after a vapor temperature of 300° 
C. (572° F.) was reached, are given in table 8. 

The difference in the percentage of volatile matter 
lost in pouring and cooling the residues by the two 
methods'varied from 0.83 to 4.15 percent of the total 
sample for all the materials tested, with an average 
difference of 2.37 percent. The losses in volatile mat- 
ter in A.S.T.M. method D 20-30 are unavoidable 
losses caused by retention of distillate in the condenser. 
The effect of the greater loss of volatile matter that 
occurs when residues are poured according to A.S. T. M. 
method D 402-34 T is shown by the harder consistency 
of the corresponding residues. The softening points of 
the residues poured immediately were from 2.3° to 21.1° 
C., with an average of 6.8° C., higher than those poured 
in the usual procedure for tars. The ‘penetration 
values also show the greater hardness of the residues 
poured immediately, the decrease in penetration rang- 
ing from 0 to 120 with an average of 26.3. Due to 
this increase in hardness, the softening point values of 
six of the residues from the TC and TM grades of 
tar, were increased until they exceeded the maximum 
allowed by the Federal specifications. 
When an asphalt has been blended with a naphtha 

to produce a liquid asphalt of the rapid-curing type, 
it has been found that by pouring the residue immedi- 
ately after the end point is reached the penetration of 
the residue is in very close agreement with the penetra- 
tion of the base asphalt used in producing the blend. 
However, no information on the consistency of the base 
materials in medium-curing and slow-curing liquid 
asphaltic products is obtainable, even with this method 

TABLE 8.—Effect of method of pouring distillation residues upon their properties 

Total Joss in distillation test 
Loss of volatile matter Softening point Penetration ot 25° C., 

during test 100 g, 5 sec. 

Identi- 
Type of material fica- 

tion ALS. T. A.8. TS tyiner. | AST A.S. Tell ween A. 8. T, A. 8. TW ry itor: A. 8. 1, A.S. Tl pier 

D 20-30 |D 402-347] ©8°€ | p20-30|/D 402-347] °8°° | D20-30|D402-34T| 28° | D 20-30 /D 402-347] ence 

Percent | Percent | Percent | Percent | Percent | Percent CHOY. CAG 2: Gi 
7| 35.90 37. 29 1.39 0.75 ; 0.83 45.0 54. 0 9.0 38 21 17 

aa 14] 38.04 38. 90 . 86 62 2.79 2.17 54.8 61.7 6.9 25 9 16 
Bee eer ae 20 | 32.06 35. 64 3. 58 -30 3.30 3. 00 47.4 55. 4 8.0 38 12 26 

94 | 34.35 37.95 3.0 33 2. 58 2. 25 45.2 54.4 9.2 50 13 37 
1] 33.19 34. 55 1.36 .33 2. 59 2. 26 44.6 50.1 5.5 38 30 8 

15| 36.34 37. 66 1.32 56 2.44 1.88 55.6 62.7 7a 20 8 12 
21| 29.25 31.75 2. 50 34 2.94 2.60 50.8 57.0 6.2 27 8 19 
33 | 29.92 34.07 4.15 .38 2. 84 2. 46 37.0 58.1] 21.1 138 36 102 
16| 35.50 36. 69 1,19 1.00 2.83 1.83 57.1 63. 1 6.0 18 7 11 
25 | 31.89 34.15 2. 26 155 2.89 2.34 46.6 52.2 5.6 42 19 23 
3| 29.10 31. 82 2.72 85 3.07 2. 22 45.0 54.0 9.0 53 16 37 

17] 34.78 35, 44 66 .57 2. 65 2.08 60. 4 64.4 4.0 12 5 7 
8 | 26.05 28. 80 2.75 .07 1.96 1.89 41.0 48. 4 7.4 71 39 32 

11} 27.57 30. 06 2.49 .44 2. 32 1.88 42.0 49,2 7.2 74 41 33 
18| 33.42 34. 59 1.17 1.27 3.40 2.13 59. 4 64.1 4.7 15 6 g 
35 | 25.31 28. 97 3.66 . 00 4.15 4.15 39.6 48.2 8.6 97 36 61 
5 | 25.73 27.74 2. 01 .65 2. 56 1.91 46.1 52.5 6.4 46 18 98 

19] 31.89 32. 45 .56 . 80 2.31 1.51 60. 0 65.8 5.8 12 5 i 
26} 23.40 26. 07 2. 67 .36 3.54 3.18 43.2 50.7 7.5 62 25 37 
9| 27.75 29, 82 2.07 145 1.92 1.47 60.0 65.0 5.0 12 7 5 
6 | 25.90 28. 33 2.43 aril 3. 67 2. 96 53.1 60.4 Ba 20 5 15 

10] 25.52 27.78 2. 26 62 2.15 1.53 55.8 61.0 5.2 18 9 9 
27 | 25.45 27. 36 1.91 , 29 3. 48 3.19 55.4 59.5 4.1 15 6 9 
2| 19.80 21.89 2.09 .57 3.31 2.74 51.7 58.1 6.4 26 9 17 

12] 15.54 16. 58 1.04 .38 1. 55 1817 41.6 44.8 3.2 89 67 22 
32 | . 11,12 15.71 4.59 31 3. 68 3.37 33.1 39.7 6.6 218 98 120 
28| 14.37 15, 82 1.45 48 3. 12 2. 64 47.0 52.8 5.8 43 21 22 
130 eels 70 13. 10 ST 119 1.49 1.30 49.0 54.0 5.0 38 22 16 
29| 11.72 14.77 3.05 .32 3. 68 3.36 49.6 56.0 6.4 30 10 20 
4| 13.20 15. 63 2. 43 99 4.74 3.75 56. 1 60. 1 4.0 12 5 7 

30 8.72 10. 88 2.16 .31 3.57 3. 26 51.8 56.8 5.0 25 12 13 
34 5. 90 9. 38 3. 48 118 3. 42 3.24 44.1 54.4} 103 71 13 58 
22} 19.62 21. 50 1.88 00 2.31 2.31 58.5 61.6 art 15 6 9 
23 | 47.85 49, 23 1.38 48 2. 80 2. 32 39.1 52.7] 13.6 84 26 58 
31 | 18.90 19. 79 89 .79 2. 58 1.79 73.3 75.6 2.3 1 1 0 
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of pouring. Most road tars have tar pitches as bases 
which contain some volatile matter to 300° C. (572° F.) 
and it is doubtful if the true consistency of the base 
material can be approximated by either method of 
pouring the residue. 

Liquid asphaltic materials have been classified 
according to the consistency of the residues from the 
D 402-34 T distillation test as follows: ° 

Group 1.—Liquid residue, float test less than 25 seconds at 
122° F. (50° C.), nonhardening or extremely slow hardening. 
Group 2.—Float residue, float test more than 25 seconds at 

122° F. (50° C.) and penetration of more than 300 at 77° F. 
(25° C.), medium hardening. 
Group 3.—Penetration residue, penetration less than 300 at 

77° F. (25° C.), rapid hardening, the speed of hardening being 
dependent on the amount and volatility of the distillate. 

Under the above classification, it will be seen from 
table 8 that all of the road tars included in this inves- 
tigation, even if the softer consistencies of the residues 
obtained by the D 20-30 method of pouring are con- 
sidered, are of the rapid-hardening type of bituminous 
material. 

DISTILLATION RESIDUES HAD GOOD DUCTILITY AT NORMAL 

TEMPERATURES 

For some time specifications for many asphaltic 
materials have included a ductility requirement as a 
means of control and as an indication of the adapta- 
bility of the products to particular uses. Asphaltic 
cements, and usually the distillation residues and 
asphaltic residues of liquid asphaltic materials, are 
required to show a certain ductility at 25° C. (77° F.) 
and for some purposes at lower temperatures such as 
ieee (547, 20.) or.4- ©. (39.29 H.).4 While the duc- 
tility test has been criticised as not being a good mea- 
sure of the resistance to the stresses to which asphalts 
in road surfaces are subjected, its use as a laboratory 
test for these materials is widespread. 

If the asphalts used in particular types of road con- 
struction must meet a ductility requirement, it is 
logical that tar products for similar use should also 
meet a ductility requirement. At the present time the 
only tars that are tested for ductility are the tar pitches 
used in roof construction and for water-proofing struc- 
tures. Few data are available regarding the ductility 
of road tars. In order to obtain as much information 
as possible on the physical properties of these tar 
products, the residues obtained in the standard A. S. 
T. M. D 20-30 distillation test were tested for duc- 
tility. 

The ductility tests were made on each distillation 
residue at several temperatures in order to obtain 
some idea of its temperature-ductility curve. The 
tests were made at 10° C., 15° C., 20° C., and 25° C. 
and the results are given in table 9. 

In order to compare the results of the ductility test 
with the other tests made on the distillation residues, 
the data in table 9 have been grouped according to 
the index shown in table 10. An index of 1 represents 
the most ductile residue at low temperature and an 
index of 7 the least ductile. 

The ductility index and the other test results on the 
distillation residues are given in table 11. It is evident 
that consistency as measured by the softening point or 
penetration is related to the ductility of these tar 
pitches. At a given temperature, the harder the 

6 Rationalization and Simplification of Test Requirements for Liquid Asphaltic 
Materials, by FE. F. Kelley and Prevost Hubbard. PuBuLic Roaps, vol, 13, no. 6, 
August 1932. 
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material the less ductility it possesses. It is indicated 
that “the free carbon content also influences the duc- 
tility. In general, as the percentage of free carbon 
increases the ductility decreases. 

TABLE 9.—Ductilities of the A. S. T. M. D 20-30 distillation test 
residwes 

Type of material Adenti- | at25° C.| At 20° C.| At 15°C. | At 10°C. 

Cm Cm cm Cm 
7 83 90 55 1.5 

ANG Se ta, PANN Scot 14 74 66 0. 25 0 
20 110+} 110-4 110+- 0 
24 110+] 110+ 110+ 0 

{ 1 110+] 110+ 110+ 0 
MOLOL ee ae Pee ee ees 15 73 66 0 0 

| 21 110+] 110-4 0 0 
33 110+} 110+ 110+ 110-+ 

[Cs tae See ee See ey { 16 54 0 0 0 
25 110+} 110+ 110+ 0 

A G24 Sh ae Seo a Onna { 3 110+1 110+ 110+ 0 
17 52 0 0 0 
8 48 65 66 92 

ST ies Be 11 73 55 67 110+ 
18 56 0 0 0 
35 110+} 110+ 110+ 110+ 

~M-2 5 110+} 110+ 110+ 0 
BPS SE SE hPa 19 56 0 0 0 

26 110+} 110+ 110+ 0 
Rete So a ee 9 43 0 0 0 
TR2 6 110-+ 0. 75 0 0 
Ce 10 79 1.5 0 0 

27 110-+ 70 0 0 
2 110+] 110+ 0 0 

guns 8. beg ES PAE 8 Sp 12 53 40 71 110+ 
32 110+] 110-++ 1104+ 110-4 
28 110+] 81 0 0 

eRe wae ee NR ae OF 13 52 60 7.5 0 
TP-2 PER Fe 3? 29 110+} 110+ 0. 25 0 
Jie eee oa ee nS 4 110+ 0.5 0 0 
NP Gin Mask eh ool eee { 30 110+] 110+ 0 0 

34 110+} 110+ 110+ 0.75 
Special { 22 100+ 0. 25 0 0 
IQ Se ee Shea aaa 23 110+} 110+ 110+ 110+ 

| 31 0 0 0 0 

TABLE 10.—Ductility index for distiliation residues of tars 

Index Ductility (em) 

90+ at 10° C. 
oot etme © Se ee ae ots Ss Sa ee ee 55-110+ at 15° C. 

110+ at 20° C. 
0-1 at 10° C. 
0-% at 15°C. 

An a Ae OE IES Ae eae ee 52-110+ at 25° C. 60-81 at 20° C. 
Ope toe a eG 222 Se ee 110+ at 25°C. 14-34 at 20°C. 
Geese oe ee eae eee eee ee a eee 43-79 at25°C. 0-14 at 20° C. 
| SREP Ao 2 Ne GOR aa A ROR SS SAME SAN OES OS B20 20 OOS wars doc nen ces sone 

TaBLE 11.—Range in test values of the A. S. T. M. D 20-30 
Distillation test residues grouped according to ductility index 

Penetration at 25° C. Free carbon Softening point 

Ductility es — 
index 

Mini- |Maxi- | Aver- | Mini- | Maxi-| Aver- | Mini- | Maxi-| Aver- 
mum }|mum | age |mum|mum| age |mum/mum|] age 

Per- | Per- | Per- 
Wey o Ouse tee Gs cent cent cent 

| Ben 42.0 39.1 71 218 110 1.3 uf 7 8.3 
222 43. 2 47.4 45, 2 38 71 49 9.1 13.0 11.4 
Hi a 49.6 51.8 51.0 25 80 27 13.0 18.7 15. 5 
Ste ewe 47.0 55. 6 52.4 15 43 28 11.4 17.5 13:3 
1k Re eee a 53.1 58. 5 55.9 12 20 16 20. 3 30.1 23. 8 
( eee® Meee eed, @ 55.8 | 60.4] 58.8 12 18 15 11.4 14.3 L323 
7 pas ae pees df ee eed (Re PEF tel (Ses ae || Saeeee 1 eee | ee 20. 1 

EFFECTS OF EXPOSURE ON TAR PRODUCTS HAVE BEEN STUDIED 
EXTENSIVELY 

W. H. Flood? has stated that the great majority of 
asphalts of the 40-50, 50-60 and 60-70 grades used in 
road construction have ductility values beyond the 
limits of the ductility machine. He has shown that 
materials meeting these penetration grades have duct- 
ility values at 60° F. (15.5° C.) averaging from 10.5 

7 Ductility at Low Temperatures. 1935 Proceedings of the Association of Asphalt 
Paving Technologists, 
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centimeters to 75.4 centimeters, and at 39.2° F. (4° C.) 
values averaging from 3.2 centimeters to 4.8 centi- 
meters for the different consistency ranges and sulphur 
contents. When these figures are compared to the 
results obtained on the tar residues having a ductility 
index of 2 and a range in penetration of 38 to 71, it 1s 
seen that tars have a more rapid and abrupt loss of 
ductility when the test temperature is reduced than 
do asphalts. This is the result, no doubt, of the greater 
susceptibility of tars to temperature change, causing a 
more rapid transition of these materials from a semisolid 
to a solid state. The tests show that nearly all of the 
residues have good ductility at 25° C., but, in general, 
this ductility is rapidly lost when the temperature of 
test 1s reduced. 

In recent years much thought has been given to the 
changes that take place in bituminous materials under 
service conditions. The initial bonding strength of a 
tar product when applied to the road surface is devel- 
oped in different ways, depending not only on the type 
of original material but also on the way it is used and 
the climatic conditions to which it is subjected. All 
grades of road tar lose a certain amount of volatile 
matter. This tends to stiffen or harden the material. 
After the inittal bond has been developed, either by 
evaporation, cooling, or a combination of both, certain 
hardening takes place because of inherent changes 
brought about by weathering. 

Karly investigators have done much work to sub- 
stantiate these facts. Hubbard and Reeve® published 
a paper in 1913 regarding the effect of exposure on 
bitumens. Included in this investigation were three 
tar products; namely, a refined coal tar, a refined water- 
gas tar, and a refined mixture of coal tar and water-gas 
tar. The authors made the following conclusion: 

It is apparent from these results that the hardening of all bitu- 
mens upon exposure is not due to Joss by volatilization of the 
lighter constituents, alone, although in tars such loss is probably 
responsible to a considerable degree for the hardening of these 
products. The hardening of petroleum and asphalt products 
is undoubtedly due to oxidation which proceeds slowly at com- 
paratively low temperatures but increases at higher temperatures. 
It seems probable that oxidation also plays a part in the harden- 
ing of tars although the preceding data does not absolutely prove 
this fact. 

Later Reeve and Lewis’ substantiated and amplified 
the previous data which showed that upon exposure 
bituminous materials undergo changes caused by factors 
other than loss of the more volatile constituents. They 
also showed that the insoluble organic matter in the 
bitumens they examined increased materially in a closed 
oven where the chances of oxidation are reduced to a 
minimum. The authors stated that while oxidation 
plays a part in the changes that occur, they were led 
to the conclusion that polymerization and intermolecu- 
lar reactions induced by heat, and possibly increased 
by the action of light, are also very largely responsible 
for such changes, in addition to those accounted for by 
simple evaporation. 

Reeve and Anderton,” while noting that the action 
of air and sun upon bitumens in their original state is 
probably quite different than might be expected in 
actual service, concluded that: (1) Upon exposure tar 

‘ The Effect of Exposure on Bitumens, by Prevost Hubbard and CG. S. Reeve. 
Industrial and Engineering Chemistry, vol. 5, no. 1, January 1913. 

* The Effects of Exposure on Some Fluid Bitumens, by C. 8. Reeve and R. H. 
Lewis. Journal of Industrial and Engineering Chemistry, vol. 9, no. 8, August 1917. 

'0 The Effects of Exposure on Tar Products, by C. 8. Reeve and B. A. Anderton. 
Journal of Franklin Institute, vol. 182, no. 10, October 1916. 

products harden to a much greater extent than could 
be attributed to the loss of volatile matter alone; (2) 
changes are accompanied by formation of material in- 
soluble in carbon disulphide; (3) the development of 
free carbon was greater in water-gas tar than in coal 
tar; and (4) the comparative consistency of the residues 
from distillation to a single arbitrary end temperature 
did not represent the relative behavior of tars in service. 

More recent investigations |! ? by the Bureau on the 
effects of exposure on liquid asphaltic materials of the 
slow-curing, medium-curing, and rapid-curing types 
have indicated that many materials that have similar 
characteristics as determined by the usual laboratory 
tests behave quite differently when exposed in thin 
films or in mixtures with a standard aggregate. 

Exposure tests on the tars were made in boxes of the 
same type as were used in previous investigations of 
the Bureau. <A sketch of the box is shown in figure 5. 
The boxes were constructed of *%4-inch wood, the interior 
dimensions being 30 by 24 by 3 inches. A hole in the 
center of the bottom of each box served to admit a 
stream of clean, dry air to carry away any collected 
vapors. Outlets for the air were made by cutting slots 
in the sides of the boxes. These were packed with 
cotton batting to prevent the entrance of dust. Plate 
glass, resting on thin strips of felt placed along the 
edges of the boxes, served as covers. 

Three 50-cubic centimeter samples of each tar were 
placed in seamless flat tins, 54 inches in diameter and 
* inch deep. This amount of material gave a uniform 
film thickness of sinch. The exposure boxes containing 
the three sets of exposure samples, one each for 5-, 10-, 
and 15-week periods, are shown in figure 6. 

ULTIMATE LOSS ON EXPOSURE CLOSELY APPROXIMATED LOSS IN 

A.S.T.M. D 20-30 DISTILLATION TEST 

The samples were placed in the exposure boxes on 
June 15, 1933. During the following 15 weeks the 
hourly temperatures within the boxes were recorded 
daily from 9 a.m. to4p.m. The maximum tempera- 
ture reached during this time was 196° F-. (91° C,) occurr- 
ing on a clear day with a maximum of sunshine. On 
cloudy days the temperature within the boxes was the 
same as the outside air temperature. The average 
maximum daily air temperature was 85° F. (30° C.). 
As determined from United States Weather Bureau 
reports for the period of exposure, the samples from 
the 5-, 10-, and 15-week periods were subjected to 333, 
611, and 866 hours of sunlight, respectively. 

The samples tested at the end of 15 weeks of exposure 
were weighed at various intervals to determine the 
loss of volatile matter at all intermediate periods except 
the 35-day and 70-day periods (5 and 10 weeks). 
The losses at these two periods were determined on 
the samples removed for test at that time, so that the 
percentage of loss obtained could be correlated ac- 
curately with the test values on the residues. This 
procedure, no doubt, accounts for variations in losses 
between the 35- and 70-day tests that appear to indi- 
cate gains in weights rather than continued losses. 
The percentages of loss at different periods are tabu- 
lated in table 12 and the average for each grade of ma- 
terial is shown graphically in figure 7. 

"A Study of Some Liquid Asphaltic Materials of the Slow-Curing Type, by R. H. 
Lewis and W. O’B. Hillman. Pusuic Roaps, vol. 15, no. 4, June 1934, 
' Further Studies of Liquid Asphaltic Materials, by R. H. Lewis and W. O’B. 

Hillman. Pusiic RoAps, vol. 16, no. 6, August 1935, 
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Fiacurr® 5.—Box Usep In Exposure TEstTs. 

TABLE 12.—Rate of loss of volatile matter in thin-film exposure of 
road tars 

1d Time of exposure in days 

Type of ons 
material ks 

2 8 15 22 35 50 70 105 

Per- Per- | Per- Per- Per- Per- Per- Per- 
cent cent cent cent cent cent cent cent 

7 23.9 31.4 32.4 32.9 33, 2 33. 5 34. 4 34. 0 
TC-1 | 14 24.1 Slo 31.9 32.7 Soon 33. 2 Sound 33. 6 

“Eh ie a 20 op ees} 29.5 31.2 32.9 33.9 33.9 33.3 34.5 

24 22.9 30. 5 32.8 34.9 35.3 36.0 35.3 36.3 
1 19,2 26.6 28.7 30.9 31.4 31.8 Bee | 32.3 

TC-2 15 2.6 30.1 30.3 31.0 30.5 31.4 30.7 31.7 
Ph OCP 21 18. 7 26. 1 27.4 29.4 29. 2 30.1 29.1 30. 7 

33 17.2 24.3 27.3 30.4 30,8 31.6 32,7 30. 5 
TC-3 { 16 21.6 29. 2 29.3 29.9 28.8 30.3 29. 5 30.9 

re oe ib eras 19, 2 26.9 28.6 30.6 31.6 32,4 3lo3 32, 7 
4 Oe 3 17.0 24.1 25.9 27.4 26, 2 28. 5 23.4 28. 6 

\ 17 21.6 26.8 27.0 PAs 26.0 28. 2 PA 28, 4 
8 13.5 vp 23.1 24.9 23.1 25. 5 25. 4 26.3 

if NY (a ra 11 11.9 20. 3 22.7 25.0 23.6 25.8 25. 2 26.7 
18 20.9 24.6 24.9 25.3 24.3 25.9 26. 5 26. 4 
35 13.0 19.9 21.3 23.6 25,1 24.8 25.3 25. 6 

| 5 13.3 19.3 20.9 22,4 22.4 23.7 Zoid 24.0 
a DY Ro ip a a 19 17,6 22.4 22.8 23.4 2351 24.0 23.7 24.3 

| 26 | 11:1] 17.9| 20.0| 227] 23.0] 25.0] 24.9] 25.4 
ARIES 3 lat hate ee 9 16.8 21.3 2125 22,1 21.5 22.8 22.4 2350 

} 6 14.7 20. 1 21.2 22.4 22.0 22.8 22.3 23D 
HM eee 10 13.6 19.1 19.5 19.8 19.8 20.6 20. 0 21.3 

| 27 15.3 19,4 20.9 22.1 21,2 22.6 22,6 DONG 
2 ee 12.5 13.7 16. 2 14,2 15.8 15.4 16, 2 

TH-1 12 4.1 8.4 11.0 13. 4 12.3 14.1 14. 6 14,7 
eee ao 32 2.0 8.2 10.8 14.3 15.0 18, 2 19.9 19.7 

28 4.2 8.8 10.7 12.8 12.6 14.0 15. 0 14.5 
AR Eis Duden he 13 23 5.3 io 8.3 eg 8.9 9.4 9.9 
Di ee SS ee 29 2.7 6.4 7.9 9.8 10. 4 11.4 10.6 Iles 
We P=45 4 eee 4 27. 5.3 6.4 aes 7.4 8. 2 7.6 8.7 
TP-6 { 30 12 4.3 6.3 6.5 6. 8 rate Get 8,2 

ico aes 34 ay 3.4 4.8 w2 Sir ney 9.6 10.5 
| 22 (Pes 12,2 13, 5 14.9 14,2 15.7 15.3 16.0 

ppecialee=---.- Pas} 29.9 41.4 44.4 45. 4 46. 6 4€.1 4X. 4 46. 3 

(eave Ole 6.91. 6.4) 77.041 67 se e8 ha 6.0 8.1 

During exposure a skin was formed on the surface of 
the samples, the thickness of the skin increasing as the 
loss of the volatile constituents increased. The thick- 
ness of the skin had increased noticeably by the end of 
each exposure period, the depth of softer material on 
the bottom of the pan being correspondingly reduced. 
Photographs showing the condition of the film surfaces 
after 15 weeks exposure are shown in figures 8 to 11 
inclusive. 

It will be noticed from table 12 and figure 7 that all 
of the tars lost weight rapidly at first and then more 
slowly as the time “of exposure increased. Based on 
the loss after 15 weeks, the maximum loss in 2 days 
was 79.2 percent, the minimum 6.7, and the average 
loss for the 32 tars meeting some specification was 51.7 
percent. In 15 days the maximum loss was 95.6, the 
minimum 45.7, and the average 84.1 percent. Beyond 
the 15-day period all samples lost weight very slowly. 
At the end of the 50-day period the average loss for all 
samples was 97.4 percent of the loss at 15 weeks. The 
cold-application tars showed a much higher rate of loss 
than did the hot-application tars. At the end of 8 days 
the former showed an average loss of 86.1 percent of 
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FIGURE 6—ExposuRE Boxres CONTAINING TAR SAMPLES AND 

HUBBARD-FIELD SPECIMENS DurRING AN EXposurRE TEstT. 
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their ultimate loss, while the nine hot tars requireda 
period of 22 days to show an average loss of 83.2 per- 
cent. 

In order to make comparisons of the characteristics 
developed by 5-, 10-, and 15-week exposures and by the 
distillation test, the respective residues were subjected 
to the same tests. These data are shown in table 13. 

EXPOSURE RESIDUES WERE HARDER AND DEVELOPED MORE FREE 

CARBON THAN DISTILLATION RESIDUES 

The average total loss in the distillation test, A. S. 
T. M. D20-30, for the 32 tars that substantially met 
the Federal specifications was 25.3 percent as compared 
to the average loss of the same sun fore}, .L0,2and 
15-week exposure periods of 22.3, 23.2, and 24.0 per- 
cent, respectively. Since the aver age total loss in the 
distillation test, when the residue was poured immedi- 
ately, was 27.5 percent for these same samples, it is 
seen that the ultimate loss as determined at the end 
of the 15-week period was in closer agreement with the 
loss obtained in the standard method of distilling tar 
products. Figure 12 compares the total loss in the 
distillation test, A. S. T. M. D20-30, with the loss 
occurring in thin films at the end of 15 weeks of exposure. 
Samples 32 and 34 were the only tars to show an 
appreciably greater loss under exposure than occurred 
in the distillation test. All other materials had losses 
approximately equal to or less than the losses in 
distillation. 

Although the loss of volatile matter in 5 weeks was 
practically equal to or less than the loss in the distilla- 
tion test, except for samples 32 and 34, all the residues 
from this period except for samples, 9, 10, 22, and 31, 
had penetrations equal to or lower and softening points 
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SAMPLE 

oe 

SAMPLES2in G= 29 

equal to or higher than the corresponding distillation 
residues, 

The greatest difference in penetration occurred in the 
exposure residues of samples 23, 24, 26, 32, 33, 34, and 
35, their penetrations ranging from one-ninth to one- 
twenty-fifth of the penetrations of their corresponding 
distillation residues. At the end of 10 weeks only the 
residue of sample 31 had a softening point appreciably 

SAMPUE S34 (Gree 4 

FIGURE 8.— APPEARANCE OF SURFACES or TAR SAMPLES AFTER 15 WEEKS OF EXPOSURE. 
THE FEDERAL SPECIFICATION GRADES TO WHICH THE SAMPLES CONFORM. 
Wert Hicuuy CARBONIZED. 

(Te2 5 

SAMPLE 16. (1C - 3) 

Tuer Ficures IN PARENTHESES ARE 
THE CENTERS OF THE SPOTS ON SAMPLES 7 AND 1 

ALL OF THE OTHER SAMPLES WERE SLIGHTLY CARBONIZED. 

lower than that of its distillation residue. The softening 
point of the exposure residue of sample 22 was approxi- 
mately the same as that of its distillation residue. 
After 15 weeks of exposure all residues, except that of 
sample 31, were considerably harder than their corre- 
sponding distillation residues. 

A comparison of the softening points and penetrations 
of the distillation residues and the 15-week exposure 
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SA Mer Eco C23). SAMPLE 3: (TGA) SAM P MES Te (G24) 

SAME UE Shiai Mat} SAM Rist elles Gi Mit b) SAM Bis 31620 0Me |) 

SAMPLE So5T Mat) SAM aieanoe (Mead) SAMPLE 19. (TM-2) 

Figure 9.—APPEARANCE OF SURFACES OF TAR SAMPLES AFTER 15 Werks oF ExposuRE. THE FIGURES IN PARENTHESES ARE 
THE FEDERAL SPECIFICATION GRADES TO WHICH THE SAMPLES CONFORM. THE CENTER OF THE Spot ON SAMPLE 8 Was 
Hiauiy CARBONIZED AND THE RouGH AREAS ON SAMPLE 11 WerRE CarRBONIZED. ALL oF THE OTHER SAMPLES WERE 
SLIGHLTY CARBONIZED, AND IN ADDITION SAMPLE 5 WAS FLUORESCENT AND SAMPLE 25 WAS PARTIALLY FLUORESCENT. 

residues substantiates the conclusion of Reeve and | residues after 15 weeks of exposure was 74.5° C. The 
Anderton that the comparative consistencies of the resi- | distillation residues of the five TP products, samples 4, 
dues from distillation to a single arbitrary temperature | 13, 29, 30, and 34, had an average softening point of 
do not represent the relative behavior of tars in service. | 50.1° C., but the average softening point of their 
The average softening point of the distillation residues | exposure residues was slightly under 65° C. 
of samples 7, 14, 20, and 24 meeting T'C—1 specification Karly investigators, as previously mentioned, noted 
was 48.1° C., and the average softening point of the | that tar products on exposure developed considerable 
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ee 

SAMPLE 26s M2) 

SAMPLE. 12. (TH —1) SAMPLE. 28. (TH =1) SAMPLE. 32.(TH-1) 
FriqureE 10,—APPEARANCE OF SURFACES OF TAR SAMPLES AFTER 15 WeErEKsS or ExvrosurE. THE FIGURES IN PARENTHESES ARE 

THE FEDERAL SPECIFICATION GRADES TO WHICH THE SAMPLES ConrorM. THE CONCENTRIC CIRCLES ON SAMPLE 12 SHOW 
INCREASING CARBONIZATION TOWARD THE CENTER, AND THE SPOTS ON SAMPLES 9 AND 10 WERE CARBONIZED. ALL OF THE 
OTHER SAMPLES WERE SLIGHTLY CARBONIZED, AND IN ADDITION, SAMPLES 26 AND 27 WrrrE FLUORESCENT. 

quantities of free carbon. In order to see if this produc- | original material, then dividing by the percentage of 
tion of organic material was more pronounced under | free carbon in the original material and multiplying 
exposure conditions than under the accelerated labora- | by 100, the result is the index of increase in free carbon. 
tory heat test (the distillation test), determinations of | An index of 100 indicates that no increase nor decrease 
solubility in carbon disulphide were made on all residues | has taken place. The indexes of increase in free carbon 
thus obtained. By expressing the percentage of free | for the various residues are given in table 14. 
carbon in any residue in terms of the weight of the 
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SAMPLE 13. (TP-1) 

SAMPLE 30. (TP-6) SAMPLE 34. (TP-6) 

‘ins 

SAM Pl eme ce SAMPLE 23 SAMPIEE 3! 

(SPECIAL MATERIAL) (SPECIAL MATERIAL) (SPECIAL MATERIAL) 

Figure 11.—APPEARANCE OF SURFACES OF TAR SAMPLES AFTER 15 WrErkS oF Exposure. Tut Figures In PARENTHESES ARE 
THE FEDERAL SPECIFICATION GRADES TO WHICH THE SAMPLES CONFORM. THE CENTER OF THE Spot ON SAMPLE 13 Was 
CARBONIZED; SAMPLES 34, 23, AND 31 WERE SLIGHTLY CARBONIZED; AND ALL OF THE OTHER SAMPLES WrERE VERY SLIGHTL\ s ) ees i . , 

CaRBONIZED. IN ADDITION, SAMPLES 29 AND 30 WERE SLIGHTLY FLUORESCENT. 

LOSS OF VOLATILE MATTER, OXIDATION, AND POLYMERIZATION 100. These apparent decreases in free carbon may, in 
CAUSE CHANGES UPON EXPOSURE 

| the majority of cases, result from slight inaccuracies in 
This table indicates that the distillation residues of | the carbon-disulphide solubility tests. In the case of 

samples 6, 7,8, 9, 10, 11, 12, 18, and 23 and the residues | sample 23, repeated check tests on both the original 
from exposure of sample 7 at 5 and 10 weeks and of | material and the distillation residue indicated that the 
sample 9 at 15 weeks had indexes of increase of less than | free carbon content of this material was greatly reduced 
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TOTAL LOSS IN DISTILLATION TESTS-PERCENT BY WEIGHT 
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LOSS IN FILM EXPOSED FOR 15 WEEKS - PERCENT BY WEIGHT 
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FiguRE 12.—CoMPARISON OF THE 15-WrEEK Exposurr Loss 
With THE TotTaut Loss In DISTILLATION. 

during distillation. This sample under exposure rap- 
idly developed material insoluble in carbon disulphide. 
For all materials, except samples 7 and 31, the index of 
increase in free carbon is least in the distillation residues 
and greatest in the 10- or 15-week exposure residues. 

As measured by the softening point, the hardness of 
the 5-week exposure residues of samples 1, 20, 23, 24, 
25, 26, 32, 33, 34, and 35 exceeded the hardness of their 
distillation residues by the greatest amounts, the 
difference in softening points ranging from 14.4° C. to 

TABLE 14.—Index of increase in free carbon fcr various residues 

Exposure residues 
f Distilla- 

Type of material oer ee tion resi- 

dug 5 weeks | 10 weeks | 15 weeks 

Percent | Percent | Percent | Percent 
7 92 7 93 116 

ne 14 116 131 154 184 
wooo on ene enna anne enna eee 20 172 262 294 328 - 

24 126 194 210 220 
1 100 152 169 169 

ce 15 120 139 162 155 
nan aaa -2 nena ne nna n ee eee eee 21 170 258 287 302 

33 121 216 245 339 
16 122 140 163 172 

TO-3_.------------------------ { 25 122 185 190 205 
103 133 156 163 

TO-4_..----------------------- { 17 130 148 162 172 
8 96 118 126 129 
1 93 120 130 133 

TM-1...-.-.------------------ 18 125 148 166 178 
35 123 189 202 240 
5 104 138 142 152 

TMa8. ee ee 19 126 145 164 168 
26 119 176 193 201 

RE Se eee oem 9 88 109 110 94 
{ 6 93 109 113 117 

TS ae Yo ge 10 93 112 ul 120 
| 27 116 132 143 145 

2 101 122 122 128 
2 97 120 134 131 

TH-1..------.---------------- 32 112 191 205 237 
28 121 153 169 173 

PS nee ee OE a eS 13 98 110°, See 129 
"TP 0 heen Oman ties ee el ae 29 120 144 149 161 
[Pius ee eee eed 4 112 121 118 127 
ae { 30 113 132 136 150 

Rae SSS Bea ee SS 34 110 162 176 189 
| 22 115 118 122 127 

Special as See ee eae 23 14 210 188 214 
| 31 128 123 131 11 

26.4° C. The softening points of the 15-week exposure 
residues of these same materials exceeded the softening 
points of the distillation residues by amounts ranging 
from 21.9° C. to 41.4° C. With the exception of sample 
21, the difference between the index of increase in free 
carbon for the exposure and distillation residues was 
also greatest for these materials. For the 5-week 

TaBLE 13.—Results of laboratory tests on distillation and exposure residues 

Distillation Baers 8. T. M. 5-week exposure residue 10-week exposure residue 15-week exposure residue 

: Identi- 
Type of material : Pene- Pene- Pene- Pene- fication Total | tration | Soften-| 5 tration | Soften-| prog tration | Soften-| prog tration | Soften-| prog otal | 34 one ing ree Loss | at 25° ing i< Loss | at 25° ing | carbon | 108s | at 25°} ing | aenon 

loss |G.) 100, point | C@sbon C., 100, | point | °7bon G.,100,| point C.,100,| point 
g., 5 sec. g., 5sec. g., 5 sec. g., 5 sec. 

Percent °C. | Percent | Percent ° Ge a Percent: Percent °C. | Percent | Percent °C. | Percent 
7 35, 90 38 45.0 Wey? 33. 2 15 58. 0 9.8 34.4 5 69. 11.6 34.0 2 73.3 14.4 

TC { 14 38. 04 25 54.8 11.4 Bon 13 61.0 11.9 ChE CIE pee o 69. 2 14.1 33. 6 2 74.3 16.9 
~1-_ 2-2 --- 2-22. ---- 20 32. 06 38 47.4 11.9 33.9 6 62.9 18.6 33.3 2 68,7 20.7 34.5 1 74, 2 23.5 

| 24 34, 35 50 45. 2 12.6 35,0 PA 66. 7 19.8 30). Se ae 70.8 21.4 36. 3 1 76.3 22.8 
1 33. 19 38 44.6 9.1 31.4 9 59. 3 1320 bl. 1 5 66. 7 15.0 32.3 2 71.9 15. 2 

pTO-2 15 36, 34 20 55. 6 122 30. 5 19 57.9 12.9 30.7 vi 65.0 15.1 ah 4 70.4 14.8 
peta Oro cee as Pike We OR OFF 27 50.8 13.0 29. 2 6 61.1 19.6 heh ie ee ee 66.8 21.8 30.7 1 75, 2 23.5 

33 29. 92 138 37.0 6.6 30. 8 7 59. 4 11.8 2s. eee 67.3 13.8 30.5 2 Wikao 18. 6 
pC 16 35, 50 18 57.1 12.8 28. 8 16 58.5 13.4 29.5 6 68. 0 15.7 30.9 3 75.9 17.0 

“8. ----~------------- { 25 31.89 42 46.6 12.9 31.6 3 64.9 19.4 Sloss 67.3 19.9 32.7 1 74. 2 22.0 

fh 3 29.10 53 45.0 ante? 26.2 12 56.9 13.5 23.4 2 68.8 15.3 28. 6 2 71.3 17.1 
TC--4 st See eet 17 34.78 12 60. 4 13.8 26.0 17 59.0 13.6 21k. pee 68. 5 15.3 28745 | cower ase 74. 2 16.6 

R 26. 05 git 41.0 11,2 Dayal 31 51.3 13.4 20,4 ase ee 62.9 14.7 26.3 5 66. 4 15, 2 
TM-1 [oat] 757 74) 42.0] 110] 23.6 35 | 50.2] 13.5] 25.2 15] 59.3] 14.9] 26.7 6} 65.3] 15.6 

er ae eee | 18 33, 42 15 59.4 13.6 24.3 15 60. 0 14.3 26.5 5 70. 6 16.5 26.4 2 74.9 17.6 
35 25, 31 97 39.6 7.8 25.1 9 57. 5 11.9 2503 oleeeeeene 61.6 12.7 25.6 4 64.5 15. 2 

{ 5 25. 73 46 | - 46.1 11.4 22. 4 16 54.5 14.6 2S Kat eee eS 61.1 1551 24,0 3 65.4 16.4 
oS NT IE yes eae pe pce Meee en 19 31. 89 12 60.0 BEA 23. 1 14 59. 7 13.9 PALE 8 65.7 15.8 24,3 4 68. 4 16. 4 

| 26 23. 40 62 43.2 13.0 794 1) tf 60. 0 19, 2 24, ON epee t 67.7 21.6 25. 4 2 71.8 22.6 
AM Sa Se os ae te 9 27.75 12 60.0 14.3 21.5 25 $505 16.3 22 4a 62.9 16.6 23.3 6 68.0 14.4 

6 25. 90 20 53.1 20. 3 22.0 12 57.8 22.5 22.3 ik 63. 1 23.6 23. 5 3 67.5 24.7 
TL Reece ee See 10 25. 52 18 55.8 11,4 19.8 27. 54.0 12.8 20. 0 10 59. 5 12.8 21.3 6 67.0 14.0 

27 25. 45 15 55. 4 17.5 21a, 10 58.3 18.9 2216) |S ee oe 65. 1 20.9 22.7 2 66. 4 21.2 
72 19. 80 26 61.7 18.7 14.2 15 56. 0 Ae 15.4 4 64.1 21.4 16. 2 2 67.4 2250 

TH-1 12 15. 54 89 41.6 ibn, 1253 49 47.6 13.9 14.6 18 57.6 15.9 14.7 15 59. 0 15,7 
To i ae ae 3 32 11.12 218 33. 1 8.6 15.0 17 53.0 15.3 LOC OvitA ees 65.7 17.4 19.7 2 68.7 20.1 

28 14, 37 43 47.0 jE 12.6 13 57.0 16.9 15) Oud eee snes 64. 7 19.3 14.5 2 65. 2 19.7 
CP AL eee eee ee ree 13 11. 79 38 49.0 11.9 Tek 41 49.3 13.7 9.4 11 CoH ti ere 9.9 8 63. 4 15. 2 
Abi ey eee eee’ ta Oe 29 2 30 49.6 15, 2 10.4 5 59.9 18.0 L006" | 2eceesee 63. 1 18.7 LS 3 66.6 20. 4 
yl to ee ee ne De oS OE 4 13. 20 12 56.1 PAW 1 7.4 13 56, 4 21.4 Veni) 8 60. 7 21.0 8.7 2 64.0 22.9 
TP-6 30 8. 72 25 51.8 15. 1 6.8 12 56. 6 17.3 ieee ek Ser 59. 5 17.9 8.2 4 64.0 19.9 
aaa ge ae { 34 5. 90 71 44.1 9. 2 8.7 5 58.5 14.0 UR ee ee 62.9 15. 4 10.5 2 66.0 16.6 

| 22 19. 62 15 58. 5 30. 1 14.2 40 50. 0 29.0 16.3, [ones 57.6 30.3 16.0 5 63. 0 31.9 
Special: = 2s ess 23 | 47.85 84 39. 1 148 46.6 6 65.5 19.6 4854 || <a S 77.6 18. 2 46.3 1 80. 5 20.0 

| 31 18. 90 1 73.3 20. 1 6.7 42 61.7 16.7 6. 0 pee a 59.4 17.7 8.1 3 68. 5 19.5 
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exposure residues the difference ranged from 52 to 196 
and for the 15-week exposure residues the difference 
ranged from 69 to 218. 

It was shown by Reeve and Anderton ” that water- 
gas tars low in free carbon increased in free-carbon con- 
tent to a much greater extent than coal tars high in free 
carbon when exposed under conditions comparable to 
those of this investigation. Because of the large num- 
ber,of blended tars and the wide range in consistency of 
the materials covered in this study, the relations be- 
tween free carbon in the original materials and the free- 
carbon content of the residues after exposure only in- 
dicate a general trend that the lower the free-carbon 
content of the original material the higher the index of 
free carbon in the exposed residue. This trend is shown 
by table 15, which is based on the test data given in 
tables 5 and 14. 

S. Sabrou,'® in reporting on a study of the aging of 
road tars, drew the following conclusions, based on 
laboratory studies. When a tar is spread on a road 
and subjected to the climatic conditions prevailing in 
France, it undergoes an aging which is not attributed 
to polymerization due either to heat or the ultra violet 
light of the sun, but which is attributed to slow and 
slight oxidation and above all to the evaporation of the 
lighter constituents. He intimated that the effect of 
evaporation is at least 100 times that of oxidation. 

Some of the inherent changes developed on exposure 
can probably be traced to the high loss of volatile mat- 
ter which occurred early in the exposure period, thereby 
causing a considerable reduction in film thickness. 
This reduction in film thickness undoubtedly caused 
the material to weather more rapidly. An example 
of this is shown by the test results on the four samples 
submitted by producer E. These data are shown in 
table 16. 

Since these materials are probably from the same base, 
they may be assumed to be comparable. The figures 
show that as the loss of volatile material increases with 
attendant decrease in film thickness, the index of in- 
crease in free carbon also increases. Thus itis indicated 

TABLE 15.—Comparison of free carbon content of original material 
and index of increase in free carbon for exposure residues 

: ae Index of increase in free car- 
Free parpou ta oxigiael bon for residues after 15 

weeks’ exposure 

Number of samples 

Maxi- Mini- a“ Maxi- Mini- 
mum mum | Average | um mum _ | Average 

Percent | Percent | Percent 
OO §. 42 3. 76 4.72 339 214 285 
WLS peel 3 7.91 6. 06 6. 92 237 155 184 
LAS ta es i ee 11. 67 8.15 9. 68 201 94 141 
(hat See Sees 21. 09 12, 23 15. 57 150 117 132 

TaBLE 16.—Results of tests on the 15-week exposure residues of 
samples obtained from producer E 

: Index of 
Sample no. Loss pollen ne increase in 

iene free carbon 

oC: 
71.6 339 
64. 5 240 
68. 7 237 
66. 0 189 

10 The Effects of Exposure on Tar Products, by C. 8S. Reeve and B. A. Anderton 
Journal of Franklin Institute, vol. 182, no. 10, October 1916. 

13 Congres de l’Industrie de Gez, Paris 5-10, Juin 1934. 
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TABLE 17.—Comparison of averaged ' test results on distillation 
and exposure residues 

Average Average Average 
Test ene penetra- softening | index of 

fs ise tion of point of | increase in 
cS residue residue free carbon 

Percent "CG 
Distillation: s]2205) . eee eee 25.3 46.7 49.0 114 
S-weeki@xpOsure je tean scene eae 22. 3 15.5 57.5 150 
LG-weekiexposurez.- cen eee eee oe eeae 23,2 || eee 64.9 164 
15-week'@xpOSUre: 2e.- ses. - seeeaee 24.0 a0 69. 1 176 

! Data for samples 22, 23, and 31 excluded. 

that the more viscous tars, which lose less volatile mate- 
rial and produce greater film thicknesses, should weather 
less rapidly than the lighter tars. 

A general comparison of the effects of exposure as 
compared to the effects produced by the distillation 
test may be clearly seen in table 17. This table shows 
that the 5-week exposure residues are considerably 
harder than their corresponding distillation residues. 

The continued increase in hardness and the increase 
in free-carbon content of the residues exposed for longer 
periods without much additional loss of volatile matter 
indicate that the changes in the character of the residues 
after exposure are due to other causes than mere loss 
of volatile matter. There is evidence that both oxida- 
tion and carbonization are responsible for the changes 
that take place when bituminous materials are exposed 
to air and sunlight. The great increase in the free- 
carbon content of the tars subjected to exposure, as well 
as the greater hardness of the exposed residues, indi- 
cates quite clearly that mere evaporation is not respon- 
sible for the highly altered residues obtained. 

HUBBARD-FIELD STABILITY TEST USED TO DETERMINE BONDING 

STRENGTH BEFORE AND AFTER EXPOSURE 

This and previous investigations have shown that on 
exposure tars develop free carbon in excess of that 
caused solely by concentration. No efforts have been 
made to determine the character of this free carbon. 
G. T. Gilbert and J. G. Mitchell “ have stated that 
quantitative determinations show that tars oxidize in 
the dark and that this oxidation is accelerated by light 
with the formation of material insoluble in benzene 
(free carbon). These writers have advanced a new 
conception of tars based on the solubility of tar in 
various solvents. They indicate that free carbon is of 
four types: C,, insoluble in all solvents; C., insoluble 
in benzol (CsH,) but soluble in pyridine; C;, insoluble 
in ethyl ether but soluble in benzene; and C,, insoluble 
in light naphtha (40°-60° C. boiling point) but soluble 
in ether. They intimated that the formation of this 
benzene-insoluble free carbon can be detected by deter- 
mining the C, and C, content of the original and ex- 

The ratio oo 
1 

increase distinct from that caused by simple concen- 
tration resulting from evaporation. The character of 
the free carbon formed in exposed tars, based on the 
solubility of the original material and the residue from 
exposure in benzene or carbon disulphide and pyridine, 
may prove of value in detecting the internal alterations 
that accompany the weathering of tars. 

Road tars when used in the road surface develop 
adhesiveness or binding strength in various ways de- 

posed tars. then gives a measure of 

4 The Constituents of Tar, Highways and Bridges, vol. II, no. 53, June 19, 1935. 
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pending upon the grade of tar and the type of construc- 
tion in which it is used. The tars that are used in pene- 
trative treatments such as primers, those used as binders 
for cover stone in surface treatments and seal coats, 
and those used as binders for coarse open-graded mix- 
tures, either plant or road mixed, and in some cases for 
closely graded mixtures, all develop their initial binding 
strength through the loss of their more volatile con- 
stituents, or through stiffening of-the material on cool- 
ing, or a combination of both. 

Cold-application tars have little bonding strength 
when first applied to the road, but by rapid loss of 
volatile matter soon provide a very stable surface. 
Hot-application tars of both the surface treatment and 
construction grades possess sufficient bonding strength 
when cooled in the road surface to withstand imme- 
diately the stress of traffic, although the initial bonding 
strength of the hot-surface-treatment tars may be 
further increased by the loss of volatile matter. The 
ultimate bonding strength of all road tars is undoubt- 
edly increased by a continued loss of volatile matter 
and by inherent changes when exposed to service 
conditions. 

In order to determine the initial bonding strength 
and its development, a series of tests were made using 
the Hubbard-Field stability apparatus. This equip- 
ment has been extensively used to study the effects of 
various physical properties of asphaltic materials on 
the stability or resistance to displacement of fine-graded 
asphaltic mixtures. 

Determinations of the bonding strength or adhesive- 
ness of the 35 tars were made by preparing Hubbard- 
Field stability cylinders containing 16.6 percent by 
volume of original materials and their residues from 
distillation and 83.4 percent of a standard sand. These 
molded specimens are designated as series 1 cylinders. 

The development of bonding strength was determined 
by preparing cylinders using the same percentage of 
original materials and sand as stated above and ex- 
posing the compressed specimens to the same conditions 
as the thin films. For comparative purposes cylinders 
were prepared using the amount of each distillation 
residue that would have been present had the per- 
centage of tar in the cylinders containing the original 
material been subjected to the distillation test. These 
specimens, together with the exposed cylinders are 
designated as series 2 cylinders. 

The aggregate used in making these tar mixes was 
the same Potomac River sand used in the previous 
work on liquid asphaltic mixes.’ The sand was washed, 
separated into various sizes, and recombined to give 
the following grading: 

Percent 

Passing sieve no. 10, retained on sieve no. 20_._._---_--- B35 ¢/ 
Passing sieve no. 20, retained on sieve no. 30_____--_____- 10.3 
Passing sieve no. 30, retained on sieve no. 40___________- 18. 1 
Passing sieve no. 40, retained on sieve no. 50_.__-____-_- 21.3 
Passing sieve no. 50, retained on sieve no. 80___________- 36. 6 
Passing sieve no. 80, retained on sieve no. 100___________ Grel 
Passing sieve no. 100, retained on sieve no. 200__________ oy 
Passitig slave no. 200 sie eo ke sare 

The tar products and sand were thoroughly mixed 
by hand. Three cylinders were prepared for each test 
condition. All cylinders were compacted under a load 
of 3,000 pounds per square inch. Since the 35 tars 

12 Further Studies of Liquid Asphaltie Materials, by R. H. Lewis and W. O’B. 
Hillman. PuBiic ROAps, vol. 16, no. 6, August 1935. 

18A Study of Certain Factors Aflecting the Stability of Asphalt Mixtures, by _ re- 
vost Hubbard and F. ©. Field. Proceedings A. 8. T. M., vol. 26, pt. II, 1926. 
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varied greatly in consistency, the test procedure for 
making and testing the Hubbard-Field specimens 
varied as follows: 

1. The original materials intended for cold applica- 
tion were mixed and compressed at room temperature. 

2. The original materials intended for hot applica- 
tion were mixed and compressed at 40° C. 

3. All distillation residues were mixed and com- 
pressed at 80° C. 

4. In forming cylinders containing the original ma- 
terials, the pressure was released as soon as the required 
total load was reached. For the cylinders containing 
the distillation residues the total load was held for 2 
minutes, and the mold was flooded with cold water to 
chill the specimens. 

5. The bonding strength or stability of the cylinders 
containing the original materials was determined at 
25° C. only. The cylinders from the 5-week period of 
exposure were tested for stability at 25° C. and, if the 
total load was over 10,000 pounds on the first specimen, 
the other two specimens were tested at 60° C. The 
cylinders containing the distillation residues were 
tested at 60° C. except in a few cases where one of the 
three cylinders was tested at 25° C. The stabilities of 
the cylinders exposed for 10 and 15 weeks were all 
determined at 60° C. 

EXPOSED CYLINDERS HAD MUCH HIGHER STABILITIES 

CYLINDERS MADE WITH DISTILLATION RESIDUES 

The results of the stability tests on cylinders of 
series 1 are given in table 18, and those on series 2 are 
given in table 19. These data have been plotted in 
figures 18, 14, and 15. 

In figure 13 the stability of the cylinders made 
with the cold-application tars has been plotted against 

THAN 

TABLE 18.—Results of tests on series 1 cylinders 

Original material Distillation residue | 

Type of Identi- ; Stability 

material —_| fication stapil- erecine Float Soften- nea 
ity at t at ing 

a y at ° Tested | Tested - at 
SIO) 40° C. 502 Cy ae oer point 25° CO. 

602 ' Oa, 25°C: 

Pounds Seconds Teh 
i 0 OFZ re eee ee ; 21 

14 (Eee L077 51. 9 
TO-1__.--..--. 20 Ole ob eee 55.4 12 

24 0 1.8 seen ee 54.4 13 
{ 1 15 Te A ed 50. 1 30 

Tes 15 TG ear | Rc 62.7 8 
ie ae eae | 21 25 17.3 57.0 8 

33 60 5: 58.1 36 
TC-3 jase 16 63 j 63. 1 7 

A) ait 25 70 20. oye 19 
ae 3 Salas: 54.0 16 
PC-4.-.--_... { 17 6p anes Sees 64.4 5 

8 100 A) EM te Be: P= ri 4 39 
11 80 S53 1s Se 9. 2 41 

TM-1....---.- 18 re eer tr Maemo 64.1 6 
35 117 Bila det | Se eee 48.2 36 
5 153 (034. | eee §2.5 18 

"DIM =2 2 eee 19 133 720. Giles eee 65.8 5 
26 173 Soden ee 50. 7 25 

Rai ac hee 9 153 7 Se a ea epee 65. 0 £ 
6 178 CONE | eae sree 60. 4 5 

TR Re2o eae 10 153 fe emi | lier Ee 61.0 9 
27 163 Gait (aes Ss 59. 5 6 
2 580 Meee seee 58 rie P 

12 BS Ol | eee 51 . i) 
TH-1.-.--.-.- PON be Sail een 43 39.7 98 

28 (Soto 78 52.8 21 
A oie ae es 13 1, DOOM Se 107 54. 0 22 
ine oR a 30)/| 2 1 0684 |ne nme ae 126 56.0 10 
4 2 eae ie 4) Po Raa 167 60.1 f: 

30 Soe alee ae 19: i 
TP-6....------ { 34 | Soapnel sy be. 165 54.4 13 

[ci Ste B10 caso 30 61.6 6 
Speciala-se= 23 0 2s OM eee tee 52.7 26 

\ aieveee es 51 75.6 1 

! Residue from A.8.T.M. D 402-34T distillation test. 
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Series 1 CyYLINDERs. 
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Figure 14.—RELATIONS BETWEEN CONSISTENCIES OF THE 
DISTILLATION RESIDUES AND STABILITY AT 60° C. oF SERIES 
1 CYLINDERS. 

the Engler specific viscosity at 40° C. of the contained 
tar, and for the cylinders made with the hot-applica- 
tion tars the stability is plotted against the float test 
in seconds at 50° C. The stability values obtained on 
‘the cylinders containing the cold-application materials 

PUBLIC ROADS 
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Figure 15—Comparison or Loss or BITUMEN AND STABILITY 
OF SuriES 2 HuBBARD-FIELD CYLINDERS. 

are low since the viscosity range indicates relatively 
fluid products. The greater consistency of the hot- 
application materials results in higher stability values. 
Generally, with both types of material the higher the 
consistency of the tar used as binder the higher was 
the stability. A comparison of the two curves clearly 
illustrates the difference in binding ability of cold- and 
hot-application materials immediately after being ap- 
plied. The cold-application materials must rapidly 
lose much of their volatile constituents to increase 
the stability of the road surface. 

The stability of the cylinders containing the distilla- 
tion residues was plotted against the softening point 
and penetration of the contained tar pitch, as shown in 
figure 14. The softening point value showed a more 
constant relation than did the penetration value, 
indicating that the softening point value of a tar pitch 
is the better measure of its relative bonding strength. 
The relation between stability and penetration did 
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TABLE 19.—Results of tests on series 2 cylinders 

Cylinders made with the original materials Cylinders made with distilla- 
tion residue ! 

Stability Loss of bitumen in— Stability 

Ton hace Identifi- l'yne of material tion E ; Theoret: 

weeks ical loss 

As made, |__ 10 weeks, | 15 weeks, of bitu- 
tested tested tested | 5 weeks | 10 weeks | 15 weeks gene Sey: mee. 

at 25° C.| Tested | Tested | at 60° C.| at 60° C. ? : ‘ 
at 60° C.] at 25° C. 

Pounds | Pounds | Pounds | Pownds | Pounds | Percent | Percent | Percent | Pounds | Pounds |} Percent 
{ 7 Ov[ssesees at 5, 300 2, 400 2, 725 32 36 37 700 See oi 

TO-1 14 Us| eee te 4, 950 3, 675 4,075 32 35 37 1,693: |22coneen ee 39 
2e Ss | 20 Oita 8, 950 5, 725 6, 476 29 33 33 858: joes soe 36 

24 OL Se eee ee 7, 000 3, 575 4,475 31 36 36 ShOni Zeya eee 38 
| 1 ta | | te rg So 6, 800 3, 800 3,375 28 32 31 500 8, 500 85 

TO-2 15 LOGS eee 5, 600 3, 925 4, 475 30 33 35 15478))| oseSaeaoee 
oe Barri | 21 25 38, 900 10, 000-+- 5, 775 7, 225 26 29 31 '(08)}| Rep oaseee 32 

33 GOs) 252 Saee eee 6, 450 3, 575 2, 725 26 32 ol 425 {coe aes 84 
TO-3 f 16 (is | (pee ae BS 6, 000 4, 400 5, 325 29 34 35 154700 | aecesoetes 37 

ay Eee |i\ 25 Oi eee ee oe 8, 650 4, 425 4, 000 28 30 33 600 8, 800 34 
TC-4 f 3 bry ie| [by Ras ne S 8, 750 5, 825 4, 400 24 28 29 633: *| tees 25-35 32 

cece at\ 17 90 Fie ee 6, 850 4, 675 6, 125 27 30 32 2; 2257 |e ea eee 35 
| 8 100) Se Sare eee 4, 100 2, 300 2, 375 23 27 28 563 5, 550 29 

lM-I 11 SO ee eee 8, 600 2, 000 1,975 24 28 28 525 5, 900 30 
> = | 18 90. ae Ses 7, 350 6, 150 6, 225 26 30 32 683 0/aee nace 85 

35 iP fast pS ees Sere 8, 300 3, 950 3, 800 21 26 26 400 7, 100 29 
| ii 153 2, 500 9, 750 4, 600 4,975 21 26 25 667) eee ee 28 

PD IWi2 24 ee oe See, 2 ee eee 19 1333/| Sore 7, 650 5, 250 5, 725 25 30 30 LOL ae 32 
Ph fon 173) 9 200 4.075 | 4,975 20 26 26 563 | 8,900 26 

rR-1 : 9 pS eee ee | 7, 750 4, 250 4,375 22 26 26 1725 \eeeetcoee 30 
{ iy 178 4, 460 10, 000+- 5, 200 6, 075 21 25 24 1,138) |) eee 28 

De Eiets Seee e See oe ee ee ee ery See 10 153 | see sears z 6, 950 3, 325 3, 350 22 25 25 15250. oon eee 28 
| 27 163 4,375 10, 000+ 6, 575 8, 150 21 25 25 1098 |S aaee ees 27 

2 580 4, 200 10, 000-++ 5, 975 6, 175 15 19 19 15.033: |= ee 22 
TH-1 12 B00 leeeee ae see , 950 2, 190 2, 250 13 16 16 538 5, 800 17 

cater? pte at gis oy le 4 ee 32 S10} | eee ee 7, 050-++ 2, 900 3, 125 10 17 16 225 3, 650 16 
28 783 2, 600 10, 000+ 4, 475 5, 425 11 15 15 600 | =ca eee 16 

TP 13 2004] See eee 5, 450 2, 625 8, 050 (l 9 iy 0833. \ceeas oa 13 
PP_2 29 1, 958 3, 750 10, 000-++ 4, 925 §, 325 8 VW UT Sly fal es ae 5 15 
1 p-4 Geis eo eee eas 4 2, 842 4, 325 10, 000-++ 5, 900 6, 600 6 10 10 D200 )| eee 16 
TEP EA. cts Mic he ee ane te ng im { 30 3, 417 3, 900 10, 000+- 5, 225 6, 350 6 9 10 025) |2-eeoee see M1 

Jin eto ae Rehr seeSte Pennee sae aS ee sea oe ! 34 2, 258 2, 200 10, 000-+- 4, 425 3,315 5 10 9 (OS: | Soeeeeenee 9 
22 310 4, 975 10, 000+ 7, 300 8, 175 17 20 20 1, 2882225 Soe 22 

Special ote ete ee eee eee 23 (RE ape 4 2, 500 1, 525 2, 000 43 47 50 S835 |e eee 49 
31 1, 360 7, 200 10, 000-+- 8, c00n)saeeeetees 10 14 13 Qc 3lip leone 20 

! Residue from A. 8S. T. M. D 402-34 T distillation test. 

show, however, that for equal penetrations the water- 
gas tar residues generally gave higher stabilities than 
the residues from coal tars or coal-tar blends. 

The Hubbard-Field stability values for the series 2 
cylinders are shown in figure 15, along with the per- 
centages of volatile matter lost under test conditions. 
Although in the cylinders made with the original 
materials the loss of volatile matter after exposure was 
very close to the loss in the distillation test, the sta- 
bilities of the cylinders exposed for 15 weeks were much 
greater than the stabilities of the cylinders prepared 
with the distillation residues. This shows that changes 
other than loss of volatile matter have produced a 
condition in the mixture that results in a greater bond- 
ing strength, just as greater hardening and internal 
alterations in the exposed films tended to produce 
residues dissimilar to those developed in the laboratory 
distillation tests. 

The loss of volatile matter for the cylinders exposed 
for 10 weeks is not shown in figure 15 since it closely 
approximated the loss at 15 weeks. But figure 15 
shows that in the cylinders of many materials there 
were increases in stability from 10 to 15 weeks that 
may be attributed to additional hardening or change 
in the contained tar residue without corresponding loss 
of volatile matter. 

W. E. Cone has stated ' that: ‘The ease and facility 
with which tar wets a particular surface and retains 
the full value of its adhesive properties while being 
gradually changed to a solid is one of its most striking 
characteristics.” 

16 The Qualities of Tars for Use in Roads and Streets. Canadian Engineer, vol. 
67, no. 4, July 24, 1934. 

While testing exposed cylinders that initially con- 
tained liquid asphaltic material even of the rapid- 
curing type, it was observed that while a hardened 
crust formed, which in some cases was very thick, 
the mixture in the center of the test specimens was 
plastic after 15 weeks of exposure. The exposed 
cylinders containing these tar products, in many cases 
after 5 weeks of exposure and in all cases after 15 
weeks, appeared to be uniformly hard and solid through- 
out the entire mass, indicating that ultimate hardening 
of the contained tar is not materially retarded by the 
formation of a surface crust. 

Some idea of the rapid development of binding 
strength in the exposed tar cylinders may be obtained 
by comparing the stabilities obtained for the tar mix- 
tures with the stabilities obtained on similar cylinders 
made with slow- and rapid-curing liquid asphaltic 
materials and exposed at the same time. Cylinders 
made with 23 slow-curing liquid asphaltic materials 
that had initial stabilities of from 25 to 175 pounds, had 
developed stabilities at the end of 15 weeks of from 300 
to 3,075 pounds. Cylinders made with six medium- 
and rapid-curing liquid asphaltic materials had initial 
stabilities of from 25 to 275 pounds and developed 
stabilities ranging from 1,650 to 5,200 pounds at the 
end of 15 weeks. 

At the end of 5 weeks the cylinders containing the 
TC, TM, and TR tars had developed stabilities ranging 
from 3,600 pounds to more than 10,000 pounds at the 
test temperature of 25° C., which was also the control 
temperature of the tests on the cylinders containing 
the asphaltic materials. For these cold-application 
materials, only cylinders containing tars 8, 11, and 14 
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had lower stabilities after 5 weeks of exposure than the 
maximum value obtained on the asphaltic materials for 
15 weeks of exposure. At the end of 15 weeks, the 
cylinders containing the cold grades of tar had developed 
stabilities ranging from a minimum of 1,975 to a maxi- 
mum of 8,150 pounds at 60° C., the minimum stability 
being many times greater than the maximum developed 
with the asphaltic materials. These data seem to 
substantiate the fact that tar products in service harden 
more rapidly and ultimately produce harder and less 
plastic road mixtures than do asphaltic materials. 

CONCLUSIONS 

The data obtained on these tar products when sub- 
mitted to laboratory tests and when subjected to 
exposure conditions justify the following conclusions. 

1. The road tars submitted by the five producers 
were, with few exceptions, well within the limits of the 
various grades of materials meeting the Federal 
specifications. 

2. The Saybolt-Furol viscosimeter is well adapted to 
the determination of the consistency of fluid tars. 

3. The vapor end point of 300° C. (572° F.) as re- 
quired by distillation method A.S.T.M. D 20-30 is 
approximately equivalent to a liquid end point of 
360° C. (680° F.) as required by distillation method 
A.S.T.M. D 402-34 T. However, the control of 
intermediate cutting points by the temperature of the 
liquid residue may result in fractions with widely 
different boiling points so that the character of the 
distillates from various materials cannot be accurately 
determined. 

4. The greatest difference in results obtained by the 
two distillation methods is caused by the different 
methods of pouring the residues. A. S. T. M. method 
D 402-34 T results in residues that have undergone a 
greater loss of volatile matter and are correspondingly 
harder as measured by the softening point and penetra- 
tion tests. 

5. The residues from distillation generally have good 
ductility at 25° C., but this ductility is rapidly lost 
when the temperature of test is reduced. 

6. When thin films of these tars were subjected to the 
ornoee conditions of this investigation it was indicated 
that: 

(a) The ultimate loss on exposure approximates the 
total loss of volatile matter in the A. S. T. M. D 20-30 
distillation test. 

(b) The greater hardness of the residues from expo- 
sure as compared with the hardness of the distillation 
residues results from causes other than the mere loss of 
volatile matter. 

(c) The increased hardness of the exposure residues 
was accompanied by an increase in free carbon content 
much greater than the amount that was caused by con- 
centration, this being attributed to oxidation, car- 
bonization, or both. 

(2) The test data indicate that in general the index 
of increase of free carbon in the residues from exposure 
is higher for those tars having initially low free carbon 
contents. 

7. While the initial stability or binding value of the 
sand mixtures containing the more fluid tars is relatively 
low, it is roughly proportional to the consistency of the 
tar used. 

8. The bonding strengths of the distillation residues 
are more nearly proportional to their softening point 
values than to their penetrations. 

9. The development of stability or bonding strength 
in the tar and sand mixtures proceeded rapidly under 
the exposure conditions of this investigation, producing 
stability values much higher than could be obtained by 
mere loss of volatile matter and developing specimens 
which, when broken, gave no evidence of retaining 
plastic properties. 

10. The amount of volatile matter and the consist- 
ency of the residues from the laboratory distillation 
test, together with the behavior of these materials in 
thin films and in molded specimens, indicate that road 
tars are rapid-hardening types of bituminous materials. 
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PRESERVE BENCH MARKS FOR FUTURE USE 

By HOWARD S. RAPPLEYE, Chief, Section of Leveling, United States Coast and Geodetic Survey 

N THE extension of its system of control surveys over 
the United States, the Coast and Geodetic Survey 

has run many hundreds of lines of levels, of first- or 
second-order accuracy, which now form a great net over 
the entire country with the lines spaced, except in some 
of the more inaccessible regions in the West, at inter- 
vals of about 25 miles. Bench marks are spaced along 
these lines at intervals of from 1 mile or less to a 
maximum distance of 3 to 5 miles. 

These bench marks and their published descriptions 
and elevations represent a vast outlay for field work, 
computation, and adjustment. In order that the re- 
sults of this work may be useful to all engineers through- 
out the Nation the marks must remain in place un- 
disturbed or be relocated in such a manner as to 
preserve their usefulness. 

In spite of the extreme care exercised by the field 
parties, in placing bench marks where they are likely 
to remain undisturbed for a long time, it sometimes 
becomes necessary to destroy them to make way for 
construction, repair, or maintenance work of various 
kinds. A bench mark once disturbed, without trans- 
fering its elevations to some other mark which is set to 
preserve it, is a total loss and leaves a gap in the line 
of levels which requires extra running for all engineers 
who may be called on to do leveling in the locality at 
any future time. 

It is to the interests of all concerned to relocate 
bench marks which are in the way of construction 
rather than to allow them to be completely destroyed. 
The Coast and Geodetic Survey does not have funds 
available for placing parties in the field to go about 
and relocate bench marks which must be moved to 
avoid their destruction. On the other hand, since the 
marks are chiefly useful to practicing engineers, whether 
public or private, we look to all engineers throughout 
the country for cooperation in preserving these useful 
marks in their own interests as well as in the interests 
of their government. 

A routine method of handling cases of this sort has 
been worked out and if followed out, as outlined below, 
the loss of bench marks and its accompanying incon- 
venience and loss to the engineers and surveyors of 
this country will, to a large extent, be avoided. 

As soon as it becomes known that a mark must be 
moved, a letter should be sent to the Director, United 

States Coast and Geodetic Survey, Washington, D. C., 
attention Section of Leveling, stating the necessity for 
moving the mark and giving its designation. The 
designation consists of the letters and numbers found 
to have been stamped with dies on the disk. It is 
desirable to furnish a rubbing of the disk as well. <A 
rubbing can be made by placing a piece of medium- 
weight paper over the disk and then rubbing over the 
paper with a hard pencil to bring out the legend cast 
in the disk, especially the letters and numbers stamped 
on it with dies. 
Upon receipt of this information, this office will send 

out a new disk properly stamped to show that it has 
been reset. Necessary instructions for the establish- 
ment of the new mark and the transfer of elevation 
will also be sent. The proper procedure, in most 
cases, is to establish the new mark in a safe place 
nearby and transfer the elevation from the old mark 
to the new one by means of an engineer’s level and rod. 
The levels should be run in duplicate to avoid the 
possibility of large errors, and all readings should be 
made to three decimal places in order to preserve the 
accuracy of the original elevation. 

The old mark should not be disturbed until the ob- 
servations involved in the transfer have been checked 
by the observer or the recorder. An assumed elevation 
for the old mark may be used in the transfer, since 
what we are primarily concerned with in a case of this 
sort is the difference in elevation between the old mark 
and the new one established to replace it. 

After the new mark has been established and the 
elevation transferred to it, the old disk should be 
broken out and returned to this office in a franked 
mailing sack which will be supplied for the purpose. 
A complete report on the action taken, including a 
description of the location in which the new mark is 
established and a copy of the field notes involved in 
the transfer of elevation, should also be forwarded to 
this office; a franked envelope will be furnished for 
this purpose. 

The cooperation which individuals and organizations 
may extend to this office in preserving the benchmarks 
will be a service not only to this bureau and other 
government surveying organizations but to anyone 
who may have occasion to use the marks. 
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